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APPENDIX E

HAZLETON LABORATORIES OF AMERICA
STANDARD OPERATING PROCEDURES

USING NON-CLP PROTOCOLS
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Polychlorinated Biphenyls (PCBs) in Drinking Water

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc.
Environmental Analysis

SCOPE:

This method covers the determination of the priority pollutant and target
compound 1ist (TCL) organochlorine pesticides and PCBs in drinking water
sources using gas chromatography with electron capture (6C-EC) detection. The
compounds determined by this method are reported with detection limits lower
than those generated by the standard pesticide/PCB screen. All positive
results reported using this method are reported only following second column
confirmation. The following compounds are calibrated and analyzed for under
this method:

Aldrin 4,4'-D0T Methoxychlor
alpha-BHC Ofeldrin Toxaphene
beta-BHC Endosulfan 1 PCB-1016
gamma-BHC (Lindane) Endosulfan I1 PCB-1221
delta-BHC Endosulfan sulfate PCB-1232
alpha-chlordane Endrin PCB-1242
gamma-chlordane Endrin aldehyde PCB-1248
Technical chlordane Endrin ketone PCB-1254
4,4'-000 " Heptachlor PCB-1260
4,4'-DDE Heptachlor epoxide

PRINCIPLE:

A 1-L sample is extracted with methylene chloride using a separatory funnel.
The methylene chloride extract is dried with anhydrous sodium sulfate and

+ exchanged to hexane during the concentration step. The final extract volume
is taken to 1.0 mL for analysis. The extract is separated by gas
chromatography and the analytes of interest are measured with an electron
capture detector. This method provides an alumina column cleanup procedure
and an elemental sulfur removal procedure to aid in the elimination of
interferences that may be encountered.

g
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SENSITIVITY, PRECISION AND ACCURACY:

The method detection 1imits presented in Table 1 represent the sensitivities
that can be achieved in ground water in the absence of {nterferences.
Precision and accuracy for this method, as generated from an in house
validation study, is presented in Table 2.

REFERENCES:

Environmental Protection Agency (EPA) Method 608 (Federal Register,
49(209):43,321-43,336, October 16, 1984).

Environmental Protectibn Agency (EPA) Contract Laboratory Program, Statement
of Work for "Organic Analysis Multi-Media Multi-Concentration, October 1986.
Revisions: January 1987; February 1987; July 1987; August 1987. Exhibits:
8, D, E.

APPROVED BY: __ —oozacd J. 27C 2ty DATE: __3-9-9%
Mark McNabb -
Group Leader
Environmental Analysis
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David C. Hills
Manager
Environmental Analysis
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Debra Curley Arndt -
Manager _
Quality Assurance Unit
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SAFETY PRECAUTIONS:

The toxicity or carcinogenicity of chemicals used in this method have not been
precisely defined; each chemical should be treated as a potential health
hazard, and exposure to these chemicals should be minimized. Each analyst is
responsible for maintaining awareness of OSHA regulations regarding safe
handling of chemicals used in this method. Additional references to
laboratory safety are available for the information of the analyst.

—~ The following method analytes have been tentatively classified as known or

R suspected human or mammalian carcinogens: 4,4'-DDT, 4,4'-D0D, the BHCs, and
the PCBs. Primary standards of these toxic compounds should be prepared in a
hood. A NIOSH/MESA-approved toxic gas respirator should be worn when the
analyst handles high concentrations of these toxic compounds.

INTERFERENCES:

Method interferences may be caused by contaminants in solvents, reagents,
glassware, and other sample-processing hardware that lead to discrete
artifacts and/or elevated baselines in gas chromatograms. A1l of these
materials must be routinely demonstrated to be free from interferences under
the conditions of the analysis by running laboratory reagent blanks.
Interferences by phthalate esters can pose major problems in pesticide
analysis when using the EC detector. These compounds generally appear in the
chromatogram as broad eluting peaks. Common flexible plastics contain varying
amounts of phthalates. These phthalates are easily extracted or leached from
such materials during laboratory operations. Cross-contamination of clean
glassware routinely occurs when plastics are handled. Interferences from
phthalates can best be minimized by avoiding the use of plastics in the
laboratory. Exhaustive cleanup of reagents and glassware may be required to
eliminate background phthalate contamination.

¥,

Matrix interferences may be caused by contaminants that are coextracted firom
the sample. The extent of matrix interferences will vary considerably from
source to source, depending on the nature and diversity of the site being
sampled. Cleanup procedures provided in this method may be used to minimize
or overcome such interferences.

o/

S~
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QUALITY ASSURANCE:

The minimum quality assurance quality control (QA/QC) operations necessary to
satisfy the analytical requirements associated with the determination of the
pesticide/PCB compounds 1isted in this method are as follows:

Method Blank Analysis

Surrogate Spike Recovery and Retention Time Monitoring
Matrix Spike/Matrix Spike Duplicate Analysis

Specific QA/QC for Pesticide Analysis

0000

Method Blank Analgsis

A method blank is a volume of deionized, distilled laboratory water
carried through the entire analytical scheme (extraction, concentration,
and analysis). The method blank volume must be approximately equal to the
sample volumes being processed.

A method blank is performed with every 20 samples processed and/or
whenever samples are extracted, whichever is most frequent. It is the
analyst's responsibility to ensure that method interferences caused by
contaminants in solvents, reagents, and glassware are minimized. An
acceptable laboratory method blank should contain less than or equal to
the reported method detection limit of any single pesticide/PCB target
compound. ,

1f a laboratory method blank exceeds the above criteria, the analyst must
consider the analytical system to be out of control. The source of the
contamination must be investigated and appropriate corrective measures
MUST be taken and documented before further sample analysis proceeds. All
samples processed with a method blank that is out of control MUST be
reextracted and reanalyzed.

Surrogate Spike Analysis

A1l samples, blanks, and matrix spikes are fortified with the surrogate
compound dibutylchlorendate (DBC) before extraction to monitor the
preparation and analysis of samples. The spiking level is 0.1 wg/L,
based on an extraction volume of 1 L, which will produce an extract
concentration (before any optional dilutions) of 0.1 ug/mL.

Surrogate spike recovery must be evaluated by determining whether the
concentration (measured as percent recovery) falls inside the advisory
recovery limits listed below.
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Advisory Surrogate Spike Recovery Limits
Fraction _Surroqate Compound Water
Pest. Dibutylichlorendate (24-154)*

",

* These limits are for advisory purposes only. They are not used to
determine if a sample should be reanalyzed.

3. Matrix Spike/Matrix Spike Ouplicate (MS/MSD) Analysis

In order to evaluate the matrix effect of the sample on the analytical
methodology and provide both precision and accuracy information, an MS/MSD
analysis is performed with each set of 20 samples. Spiking is performed Y,
using a mixture of the following six individual pesticide compounds:

0 Heptachlor o Lindane
0 Aldrin (1] Endrin
0 Dieldrin o 4,4'-00T7

Individua) component recoveries -of the matrix spike are calculated using
Equation 3.1.

Matrix sbike percent recovery = SSR - SR__ X 100
. SA Eq. 3.1

Where: SSR = Spike sample results
SR = Sample result
SA = Spike added from spiking mix

The analyst is required to calculate the relative percent difference (RPD) -
between the matrix spike and matrix spike duplicate. The RPD for each
component is calculated using Equation 3.Z2.

RPO = _ Dy - D0y X100
(Dy + 03072 Eq. 3.2

Where: Dy = First sample value
02 = Second sample value (duplicate)
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Matrix Spike Recovery Limits

Fraction Matrix Spike Compound Water*
Pesticide Lindane 46-118
Pesticide Heptachlor 29-119
Pesticide Aldrin 30-108
Pesticide Dieldrin 39-133
Pesticide Endrin §3-114
Pesticide 4.4'-00T 38-130

* These limits are for advisory purposes only. They are not to be
used to determine if a sample should be reanalyzed.

Pesticide Retention Time Windows

The external standard quantitation method must be used to quantitate all
pesticides/PCBs. Before performing any sample analysis, the analyst is
required to determine the retention time window for each pesticide/PCB
target compound and the surrogate spike compound, DBC. These retention
time windows are used to make tentative identification of pesticides/PCBs
during sample analysis.

Before establishing retention time windows, the 6C operating conditions
(oven temperature and flow rate) must be adjusted such that 4,4'-D0T has a
retention time of greater than or equal to 12 minutes on packed GC
columns, except on 0V-1 or 0OV-101 columns.

Establish retention time windows as follows:

o Before initia..1g analysis on a GC system and each time a new 6C
column §s installed, make three injections of all single component
pesticide mixtures, multi-response pesticides, and PCBs throughout
the course of a 72-hour period. The concentration of each
pesticide/PC8 should be sufficient to provide a response that fis
approximately half scale. The three injections of each compound are
made at approximately equal intervals during the 72-hour period,
(i.e., each compound is injected near the beginning, middle, and end
of the 72-hour period).

o Verify the retention time shift for DBC in each standard. The
retention time shift between the initial and subsequent standards
must be less than 2.0% difference for packed columns and less than
1.5% difference for wide-bore capillary columns. 1f this criterion
is not met, continue injecting replicate standards until the
criterion is satisfied.
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; o Calculate the standard deviation of the three absolute retention

; times for each single component pesticide. For multiresponse
pesticides or PCBs, choose one major peak from the envelope and

p calculate the standard deviation of the three retention times for

i that peak.

o The standard deviations determined are used to determine the
retention time window for a particular 72-hour sequence. Apply plus

) or minus three times the standard deviations to the retention time of
4 each pesticide/PCB determined for the first analysis of the :
ég} pesticide/PCB standard in a given 72-hour analytical sequence. This

. range of retention times defines the retention time window for the
compound of interest for that 72-hour sequence. Note that by
definition, the retention time of a pesticide/PCB from the first A
analysis of that compound in the 72-hour sequence is the center of
the retention time window (do not use the retention time measured
¢ during the initial determination of the retention time windows as the
center of the retention time window). The experience of the analyst
should weigh heavily in the interpretation of chromatograms. For
multiresponse pesticide/PCBs, the analyst should use the retention
time window, but should rely primarily on pattern recognition.

o In those cases where tﬁé retention time window for a particular
pesticide/PCB is less than 0.01 minutes, the analyst may use
whichever of the following formulas apply.

- For packed columns, the retention time window of the particular
pesticide/PCB is calculated as #1% of the initial retention. time
of the compound in the 72-hour sequence.

(J

- For wide-bore capillary columns [inner diameter (i.d.) greater
than 0.32 mm], the retention time window of the particular
pesticide/PCB is calculated as +0.75% of the initial retention

! time of the compound in the 72-hour sequence.

- For narrow-bore capillary columns (i.d. less than 0.32 mm), the
retention time window of the particular pesticide/PCB is
calculated as #0.15% of the initial retention time of the
compound in the 72-hour sequence.
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Primary 6C Column Analysis

Primary analysis determines whether or not pesticides/PCBs are present in
the sample, and establishes a tentative identification of each compound.
Quantitation may be performed on the primary analysis if the analysis
meets all of the QC criteria specified for quantitation. NOTE: To
determine that no pesticides/PCBs are present at or above the required
quantitation 1imit is a form of quantitation.

Separation should be greater than or equal to 25% resolution between the
peaks. This criteria must be considered when determining whether to
quantitate on the primary analysis or the confirmation analysis. When
this criterion cannot be met, quantitation is adversely affected because
of the difficulty in determining where to establish the baseline.

Evaluation Standard Mixtures

0 Prepare Evaluation Standard Mixes A, B, and C (aldrin, endrin,
4,4'-D0T and OBC) at the three concentration levels described in the
method. Analyze the three evaluation standard mixes sequentially at
the beginning of each 72-hour period (see Figure 1).

0 Calculate the ca11brat16n factor (ratio of the total area to the mass
injected) for each compound in Evaluation Standard Mixes A, 8, and C
using Equation 5.1.

Calibration factor = Jotal area of peak Eq. 5.1
Mass injected (in nanograms)

o Using the calibration factors from above, calculate the percent
relative standard deviation (%RSD) for each compound at the three
concentration levels using Equation 5.2. The %RSD for aldrin,
endrin, 4,4'-00T and 0BC must be less than or equal to 10.0%. "If the
%RSD exceeds 10.0% for 4,4'-00T, a three-point DOT series (00T, 000,
DOE) may be run and used to establish a calibration curve for those
three compounds; otherwise, corrective action must be taken to bring
the DDT ¥%RSD within 10%. '

[\ NOTE: The 10.0% RSD linearity criteria pertains only to columns being
used for pesticide/PCB quantitation. If a column is used only for
surrogate quantitation, the 10.0% RSD is only required for 0BC.

% RSD = _SD_ X 100
- £q. 5.2
X
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N
Where: Standard deviation (SD) = N//z {x1_-x)2
=1 N-1

X = Mean of initial three calibration factors (per compound).

Evaluate the chromatogram from the analysis of the Evaluation Standard
Mix B. The appearance of peaks in addition to the four main pesticide peaks
indicates a breakdown of endrin and/or 4,4'-DDT.

Calculate the percent breakdown for endrin and/or 4,4'-DDT on the mixed ph--e
(1.5% 0V-16/1.95% 0V-210 or equivalent) GC column using Equations 5.3 and /
5.4. The percent breakdown for endrin or 4,4'-00T must not exceed 20.0%.
Corrective action must be taken before analysis continues if this criterion
is not met.

f breakdown = Total DOT deqradation peak area (DOE, 0DD) X 100

for 4,4'-00T Total DOT peak area (DOT, DDE, 00D) Eq. 5.3
Total eldrin degradation peak areas |

% breakdown = endrin aldehvde, endrin ketone) €Eq. 5.4

for Endrin Total endrin peak area

(endrin, endrin aldehyde, endrin ketone)

Calculate the percent breakdown for endrin and/or 4,4'-007 on the OV-1 or
equivalent 6C column using Equations 5.3 and 5.4. The percent breakdown for
Endrin or 4,4'-00T must not exceed 20.0%. Corrective action must be taken

before analysis continues if this criterion is not met. L

If there is evidence of a peak at the retention time for endrin
aldehyde/4,4'-DDD (which coelute on the OV-1 or equivalent 6C column),
calculate a combined percent breakdown for endrin/4,4'-0DT using Equation
5.5. The combined endrin/4,4'-0DT percent breakdown must not exceed 20.0%,
or else corrective action must be taken before analysis continues. The term
*peak height® may be substituted for the term "peak area.®

Total endrin/DDT degradation peak area

Combined ¥ = (DOD, DOE, endrin aldehyde, endrin ketone) Eq. 5.5
breakdown Total endrin/DDT peak area

(endrin, endrin aldehyde, endrin ketone,
00T, 000, DOE)
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Sugqested Maintenance

Corrective measures may require any one or more of the following remedial
actions:

0 Packed columns. For instruments with off-column injection, replace
the demister trap, and clean and deactivate the glass injection port
insert, or replace it with a cleaned and deactivated insert. Inspect
the injection end of the column and remove any foreign material
(broken glass from the rim of the column or pieces of septa).

Replace the glass wool with fresh deactivated glass wool. Also, it
may be necessary to remove the first few millimeters of packing
material if any discoloration is noted. Swab out the inside walls of
the column if any residue is present. 1If these procedures fail to
eliminate the degradation problem, it may be necessary to deactivate
the metal injector body (described below) and/or repack/replace the
column.

0 Capillary columns. Clean and deactivate the glass injection port
insert or replace it with a cleaned and deactivated insert. Break
off the first few inches (up to 1 ft) of the injection-port side of
the column. Remove the column and backflush with solvent according
to the manufacturer's instructions. If these procedures fail to
eliminate the degradation problem, it may be necessary to deactivate
the metal injector body and/or replace the column.

o Metal Injector Body. Turn off the oven and remove the analytical
column when the oven has cooled. Remove the glass injection port
insert (instruments with off-column injection or Grob). Allow the
injection port temperature .to come to room temperature. Inspect the
injection port and remove any noticeable foreign material.

Place a beaker beneath the injector port inside the GC oven. Using a wash
bottle, serially rinse the entire inside of the injector port with acetone
and then toluene, catching the rinsings in the beaker.

Prepare a solution of deactivating agent (Sylon-CT or equivalent)
following manufacturer's directions. After all metal surfaces inside the
injector body have been thoroughly coated with the deactivation solution,
serially rinse the injector body with toluene, methanol, acetone, and
hexane. Reassemble the injector and replace the 6C column.
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Individual Standard Mixtures A and 8

_Prepare Individual Standard Mixtures A and B containing the
single-component pesticides. One mixture of all of the single component
pesticides is acceptable when using a capillary column if resolution of
a1l compounds is achieved. Prepare separate solutions of all
multi-response pesticides and PCBs. (Aroclor 1016 and Aroclor 1260 may be
combined in a single mixture.)

Analyze Individual Standard Mixtures A and B and all multi-response

{gg ~ pesticide/PCBs at the beginning of each 72-hour period (Figure 1) and

analyze Individual Standard Mixtures A and B at the intervals specified in
the analytical sequence in Figure 1 and whenever sample analysis is Y,
completed. The calibration factor for each standard quantitated

(Individual Standard Mix A or B) (Equation 5.6), must not exceed a 15.0%
difference for a quantitation run, nor exceed a 20.0% difference for a
confirmation run during the 72-hour period. Calculate the percent
difference using Equation 5.7. Deviations greater than 15.0% require the
analyst to repeat the samples analyzed following the quantitation standard
that exceeded the criterion.

Calibration factor = Total area of peak*
Mass injected (in nanograms) Eq. 5.6

*Ffor multiresponse pesticide/PCBs, use the total area of all peaks
used for quantitation. The term "peak height" may be substituted
) for the term "peak area."

Percent difference = __Ry - Ry X 100
Ry Eq. 5.7 —

Where: Ry = Calibration factor from first analysis
Ry = Calibration factor from second or subsequent analysis
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Sample Analysis (Primary 6C Column)

Samp]es are analyzed according to the sequence described in Figure 1.

The retention time shift for DBC must be evaluated after the analysis of each
sample. The retention time shift must be less than a 2.0% difference for
packed GC columns between the initial standard analysis and any sample or
standard analyzed during the 72-hour period. The percent difference for

— wide-bore capillary columns (i.d. greater than 0.32 mm) must be less than

e 1.5%. The percent difference for narrow-bore capillary columns (i.d. less

than 0.32 mm) must be less than 0.3% (Equation 5.8).

Percent Difference = _ RTy - RTg X 100
RTq Eq. 5.8

Where: RT; = Absolute retention time of DBC in the initial
standard (Evaluation Standard Mix A)

RTg = Absolute retention time of 0BC in the sample
or subsequent standard

Evaluate the GC column throughout the analysis of samples by fnjecting
Evaluation Standard Mix B at the frequency outlined in Figure 1.

) Calculate the percent breakdown for 4,4'-00T and endrin using Eq. 5.5.
T Take corrective action when the breakdown for 4,4'-DDT or endrin exceeds
~ 20.0%.
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Figure 1
72-Hour Sequence for Pesticide/PCB Analysis

1. Evaluation Standard Mix A
2. Evaluation Standard Mix B
3. Evaluation Standard Mix C
4. Individual Standard Mix A*
5. Individual Standard Mix B*
6. Toxaphene
7. Technical Chlordane
8. Aroclors 1016/1260
9. Aroclor 1221
10. Aroclor 1232
11. Aroclor 1242
12. Aroclor 1248
13. Aroclor 1254
14. S5 Samples
15. Evaluation Standard Mix B
16. 5 Samples
17. 1Individual Standard Mix A or B
18. 5 Samples
19. Evaluation Standard Mix B
20. 5 Samples
21. Individual Standard Mix A or B
(whichever was not run in Step 16)
22. 5 Samples
23. Repeat the above sequence starting
with Step 14
24. Pesticide/PCB analysis sequence must

end with Individual Standard Mixes A and B
regardless of number of samples analyzed.

* These may be one mixture (provided adequate separation can be shown)

6. Confirmation Analysis (6C/EC)

Confirmation analysis confirms the presence of all compounds tentatively
identified in the primary analysis. Therefore, the only standards
required are the evaluation standard mixes (to check linearity and
degradation criteria) and standards of all compounds to be confirmed. The
linearity criterion on the confirmation column for pesticides is not
required unless the column is used for quantitation. The 72-hour sequence
described in Figure 1 is therefore modified to fit each case.

Quantitation may be performed on the confirmation analysis. If toxaphene
or DOT is to be quantitated, additional linearity requirements are
necessary.
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Separation should be greater than or equal to 25% resolution between
peaks. This criteria must be considered when determining whether to
quantitate on the primary analysis or the confirmation analysis. When
this criterion cannot be met, quantitation is adversely affected because
of the difficulty in determining where to establish the baseline.

For a fused silica capillary confirmation (FSCC), there must be
greater than or equal to 25% resolution (valley) between the
following pgsticide pairs:

Beta-B8HC and delta-BHC

Dieldrin and 4,4'-00T

4,4'-DD0 and endrin aldehyde
Endosulfan sulfate and 4,4'-00T

0000

A1l QC specified previously must be adhered to, i.e., the greater than or
equal to 12 minutes retention time for 4,4'-DDT, and the specified
criteria for 4,4'-D0T and endrin degradation, linearity, calibration
factor for standards, and retention time shift for DBC. The retention
time requirement for 4,4'-DDT does not have to be met if the confirmation
column {s OV-1 or OV-101.

Begin the confirmation analysis GC sequence with the three concentration
levels of Evaluation Standard Mixes A, B, and C. The exception to this
occurs when toxaphene and/or the DOT series are confirmed and
quantitated. There are four combinations of pesticides that could occur,
t?eref?re. the following sequences must be followed depending on the
situation.

LTS
e’

- Joxaphene only. Begin the sequence with Evaluation Mix B to check
degradation, f-1lowed by three concentration levels of toxaphene.
Check linearity by calculating %RSD. 1If less than or equal to 10.0%
RSO, use the appropriate calibration factor for calculation. If
greater than 10.0% RSD, plot a standard curve and determine the ng
for each sample in that set from the curve.

00T, DDE, DDD only. Begin the sequence with Evaluation Mix B. Then
inject three concentration levels of a standard containing DDE, DDO,
and DOT. Calculate linearity and follow the requirements specified
earlier under the primary 6C analysis for each compound to be
quantitated. '

DDT_series and toxaphene. Begin the sequence with Evaluation Mix B.
Then inject three concentration levels of toxaphene and another three
levels of the DOT series. Calculate linearity and follow the
requirements specified under the primary GC analysis for each
compound to be quantitated.
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Other pesticides/PCBs plus DOT series and/or toxaphene. Begin the
sequence with Evaluation Standard Mixes A, B, and C. Calculate

linearity on the four compounds in the Evaluation Standards mixes.
If 00T and/or one or more of the other compounds are greater than
10.0% RSD and/or degradation exceeds the criterion, corrective
maintenance as outlined earlier should be performed before repeating
the above chromatography evaluation. If only DOT exceeds the
linearity criteria and one or more of the DOT series is to be
quantitated, inject three concentration levels of the 0DT series
(00T, ODE, 000) as described in the earlier paragraph (do not repeat
Evaluation Mix B). If none of the DOT series is to be quantitated .
and DDOT exceeds the 10.0% RSD, simply record the %RSD on the proper
form. Anytime toxaphene is to be quantitated follow the instructions
as given in the paragraph describing toxaphene only.

After the linearity standards are injected, continue the confirmation
analysis injection sequence with all compounds tentatively identified
during primary analysis to establish the daily retention time windows for
the confirmation analysis. Analyze all confirmation standards for a case
at the beginning, at intervals specified in the following paragraph and at
the end. Any pesticide outside of its established retention time window
requires immediate investigation and correction before continuing the
analysis. The analyst must reanalyze all samples between the standard
that exceeds the criterion and a subsequent standard that meets the
criterion. :

Begin injection of samples at this point of the confirmation analysis
sequence. Analyze groups of five samples with a standard pertaining to
the samples after each group (Evaluation Mix B is required after the first
five samples, and every 10 samples thereafter, e.g., after 5, 15, 25,
etc.). The alternating standard's calibration factors must be within
15.0% of each other if quantitation is performed. Oeviations larger than
15.0% require the laboratoiy to repeat the samples analyzed betweei the
standard that exceeds the criterion and a subsequent standard that meets
the criterion. The 15.0% criterion only pertains to compounds being
quantitated. '

1f more than one standard is required to confirm all compounds tentatively
identified in the primary analysis, include an alternate standard after
each 10 samples.

Samples must also be repeated if the degradation of either DOT and/or
Endrin exceed 20.0% on the intermittent Evaluation Standard Mix B.

o/
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If the samples are split between two or more instruments, all standards
and blanks pertaining to those samples must be analyzed on each instrument.

Inject the method blanks (extracted with each set of samples) on every GC
and 6C column on which the samples are analyzed.

APPARATUS:
—_ o Separatory funnel - 2,000 mL with Teflon® stopcock.
@ o Orying column - Chromatographic column approximately 400 mm x 19 mm
j.d., with coarse frit. (Substitution of a small pad of disposable
— Pyrex® glass wool for the frit will help prevent cross-contamination
of sample extracts.)

o Concentrator tube - Kuderna-Danish, 10 mL, graduated (Kontes
K-570050-025 or equivalent). Calibration must be checked at the
volumes emplioyed in the test. Ground glass stopper is used to
prevent evaporation of extracts.

o Evaporative flask - Kuderna-Danish, 500 mL (Xontes K-57000010500 or
equivalent). Attach to concentrator tube with springs.

o Snyder column - Kuderna-Danish, three-ball macro (Kontes
D-503000-0121 or equivalent).

~\;5 o Snyder column - Kuderna-Danish, two-ball micro (Kontes D-569001-0219

or equivalent).

(] Chromatographic column for alumina - 8-mL (200 mm X 3 mm §.d.)
polypropylene column (Kontes 0-520160 or equivalent), or 6-mL (150 mm
x 8-mm 1.d.) glass column (Kontes K-420155 or equivalent), or 5-mL
serological pipettes plugged with a small piece of Pyrex glass wuol
or polyethylene porous disk (Kontes K-420162).

0 Pyrex glass wool - Pre-rinse glass wool with appropriate solvents to
ensure its cleanliness.

o Silicon carbide boiling chips - Approximately 10/40 mesh. Heat to
400°C for 30 minutes or Soxhlet extract with methylene chloride.
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0 Water bath - Heated, with concentric ring cover, capable of
temperature control (+ 2°C). The bath should be used in a hood.

0 Balance - Analytical, capable of accurately weighing +0.0001 g.

o Nitrogen evaporation device equipped with a water bath that can be
maintained at 35- to 40°C. The N-Evap by Organomation Associates,
Inc., South Berlin, Massachusetts (or equivalent) s suiftable.

o Gas chromatograph - An analytical system complete with gas

_— chromatograph and all required accessories including syringes,

analytical columns, gases, electron capture detector, and strip-chart

recorder with recording integrator. A data system is required for
measuring peak areas or peak heights and recording retention times.

(1] Quantitation and/or confirmation columns:

Column 1: 6-ft long, 4-mm 1.d. glass packed column
1.5% SP-2250/1.95% SP-2401 on 100/120 Suppelcoport

Column 2: 6-ft long, 4-mm 1.d. glass packed column
3% SP-2100 on 100/120 Suppeicort

Column 3: 30-m long, 0.53-mm i.d. fused silica megabore cap

column 08-5

I Column 4: 30-m long, 0.53-mm i.d. fused silica megabore cap

- column 08-608

REAGENTS:

Reagent water - Reagent water is defined as a water in which an interferent is
not observed at or above the method detection limit of each parameter of

interest.

Acetone, hexane, isoctane (2,2,4-trimethylpentane), methylene chloride -

Pesticide quality or equivalent.

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 400°C for 4

hours in a shallow tray.

Alumina - Neutral, Super I Woelm or equivalent. (Universal Scientific,
Incorporated, Atlanta, Georgia or equivalent.) Prepare Activity 111 by adding

7% (v/w) reagent water to the Super 1 neutral alumina.

Tumble or shake in a

o/
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wrist-action shaker for a minimum of 2 hours or preferably overnight. There
should be no lumps present. Store in a tightly sealed glass container. A
25-cycle Soxhlet extraction of the alumina with methylene chloride {is required
if a solvent bdlank analyzed by the pesticide technique indicates any
interferences for the compounds of interest.

Alumina Equivalency Check. Check recovery of all single component
pesticides following the procedure as outlined under the procedure. The
percent recovery for all single component pesticides must be greater than
or equal to 80%, except for endosulfan sulfate, which must be greater than
or equal to 60%, and endrin aldehyde, which is not recovered. The data
must be retained by the laboratory and made available for inspection
during on-site evaluations. If the alumina deactivated with 7% (v/w)
reagent water does not prove adequate to remove the BNA surrogates and
other interferences, the alumina may be deactivated with as much as 9%
reagent water, so long as the criteria for tribromophenol and the recovery
of all single component pesticides can be met.

Sodium hydroxide solution (1ON)-(ACS). Dissolve 40 g NaOH in reagent water
and dilute to 100 miL. '

Tetrabutylammonium (TBA) - Sulfite reagent. Dissolve 3.39 g
tetrabutylammonium hydrogen sulfate in 100 mL distilled water. To remove
impurities, extract this solution three times with 20-mL portions of hexane.
Discard the hexane extracts, and add 25 g sodium sulfite to the water
solution. Store the resulting solution, which is saturated with sodium
sulfite, in an amber bottle with a Teflon-lined screw cap. This solution can
be stored at room temperature for at least 1 month.

Pesticide surrogate standard spiking solution.

The surrogate standard is added to all samples and calibration solutions;
the compound specified for this purpose is DBC.

Prepare a surrogate standard spiking solution at a concentratfon of

1 ug/1.00 mL in acetone. Store the spiking solutions at 4°C (#2°C) in
Teflon-sealed containers. The solutions should be checked frequently for
stability. These solutions must be replaced after 12 months, or sooner,
if comparison with quality control check samples indicates a problem.
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; Sulfuric acid solution (1+41)-(ACS). Slowly add 50 mL HpSO4 (sp. gr. 1.84)

i tp 50 mL of reagent water.

Stock standard solutions (1.00 ug/mL) - Stock standard solution can be
prepared from pure standard materials or purchased as certified solutions.

Prepare stock standard solutions by accurately weighing about 0.0100 g of
pure matertal. Dissolve the material in toluene, dilute to volume in a
10-mL volumetric flask with isoctane. Larger volumes can be used at the
convenience of the analyst. If compound purity is certified at 96% or
o greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are traceable to
EMSL/LY supplied standards. -/

-

Transfer the stock standard solutions into a bottle/vial with Teflon-lined

' septa. Store at 4°C (+2°C) and protect from light. Stock standard
solutions must be replaced after 12 months, or sooner, if comparison with
check standards indicate-a problem.

. Pesticide matrix standard spiking solution. Prepare a spiking solution of
t acetone or methanol that contains the following pesticides in the
concentrations specified.

Pesticide pg/1.0 mL
Lindane 0.2
o Heptachlor 0.2
-~ : Aldrin 0.2
Dieldrin 0.5
Endrin 0.5 W,
4,4' 00T 0.5

Matrix spikes arc also to serve as duplicates by :zpiking two 1-L portions from
the one sample chosen for spiking.

Evaluation Standard Mixtures - Prepare working standard mixtures diluted with
hexane containing aldrin, endrin, 4,4'-DOT, and DBC to evaluate the GC
column. Prepare three concentration levels as follows:
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‘ Aldrin Endrin 4,4' 00T  DBC
Standard 1.D. {(uq/ml) {uq/ml) (ug/ml) pg/ml

EVAL A 0.00S 0.010 0.010 0.010
EVAL B . 0.025 0.050 0.050 0.050
EVAL C 0.05 0.100 0.100 0.100

Working Standard Solutions:

Individual Standard Mixtures - These include all single-component
organochlorine pesticides as well as the surrogate compound D8C. Two mixtures
of the individual component standards are prepared to prevent coe'ution of
components when using packed columns. Prepare the two individual standard
mixtures, diluted in hexane, containing the following pesticides in the
concentrations specified.

Individual Mix A Individual Mix B
Pesticide uq/ml Pesticide »q/ml
gamma -8HC 0.025 alpha-BHC 0.025
Heptachlor 0.025 beta-BHC 0.025
Aldrin 0.025 delta-BHC 0.025
Heptachlor epoxide 0.025 p,pl-DDE 0.05
Endosulfan 1 0.025 Endrin 0.05
Dieldrin 0.05 p,p!-00D 0.05
p.p! DOT 0.05 Endosulfan sulfate 0.05
Endrin aldehyde 0.05 Endrin ketone 0.05
Endosulfan 11 0.05 alpha-chlordane 0.025
Methoxychlor 0.25 gamma-chlordane 0.025
Dibutylchlorendate 0.10 Dibutylchlorendate 0.10

Multicomponent Standards - All multicomponent standards, e.g., PC3 aroclors,
toxaphene, and technical chlordane, must be in separate solutions with the
exception of aroclors 1016/1260. 0ibutylchlorendate is also to be included in
each inulticomponent standard mixture. Prepare the following standards in
hexane at the specified concentrations:
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Standard [.D.
Toxaphene

Technical Chlordane
PCB 1016/1260

PCB 1232

PCB 1242

PCB 1248

PCB 1254

PCB 1260

Procedure

1.

2.

Sample Storage and Holding Times

1.1

1.2

2.1

2.2

Procedures for Sample Storage
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1.1.1 The samples must be protected from 1ight and refrigerated at
4°C (+2°C) from the time of receipt until extraction and

analysis.

1.1.2 After analysis, extracts and unused sample volume must be
protected from light and refrigerated at 4°C +2° for the

periods specified in the contract schedule.

Holding Time

A1l samples should be extracted within 7 days of collection and

completely analyzed within 40 days of extraction.
Sample Extractiou - Separatory Funnel

Samples may be extracted using separatory funnel techniques.
emulsions prevent acceptable solvent recovery with separatory funnel
extractions, continuous liquid-liquid extraction may be used. The

separatory funnel extraction scheme described below assumes a sample

volume of 1 L.

If

Using a 1-L graduvated cylinder, measure out a 1-L sample aliquot and

place it into a 2-L separatory funnel.

Check the pH of the sample

with wide-range pH paper and adjust to between 5 and 9 pH with 10N
sodium hydroxide and/or 1:1 sulfuric acid solution. (Note:

of DBC will be low if pH is outside this range.

Alpha-8HC,

gamma-BHC, Endosulfan I and II, and endrin are subject to

Recovery
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2.3

2.4

2.5

2.6

2.1

decomposition under alkaline conditions, and therefore may not be
detected if the pH is above nine). Add 100 ulL of surrogate

standard spiking solution into the separatory funnel and mix well.
Add 100 uL of pesticide matrix spiking solution to each of two 1-L
portions from the sample selected for spiking. (If insufficient
sample is available to perform matrix spikes, prepare duplicate
control spikes, using laboratory reagent water and analyze in lieu of
the matrix spikes.)

Add 60 mL methylene chloride to the separatory funnel and extract the
sample by shaking the funnel for 2 minutes, with periodic venting to
release excess_pressure. Allow the organic layer to separate from
the water phase for a minimum of 10 minutes. If the emulsion
interface between layers is more than one-third of the volume of the
solvent layer, the analyst must employ mechanical techniques to
complete the phase separation. The optimum technique depends upon
the sample, and may include: stirring, filtration of the emulsion
through glass wool, centrifugation, or other physical means. Orain
methylene chloride into a 250-mL Erlenmeyer flask.

Add a second 60-mL volume of methylene chloride to the sample bottle
and repeat the extraction procedure a second time, combining the
extracts in the Erlenmeyer flask. Perform a third extraction in the
same manner.

Assemble a Kuderna-Danish (K-0) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporative flask. Other concentration
devices or techniques may be used in place of the K-D if equivalency
is demonstrated for all pesticides listed in this method.

Pour the comb®red extract through a drying column containing about
10 cm of anhydrous granular sodium sulfate, and collect the extract
in the X-D concentrator. Rinse the Erlenmeyer flask and column with
20 to 30 mL of methylene chloride to complete th: quintitative
transfer.

Add one or two clean boiling chips to the evaporative flask and
attach a three-ball Snyder column. Pre-wet the Snyder column by
adding about 1 mL methylene chloride to the top. Place the K-D
apparatus on a hot water bath (80° to 90°C) so that the concentrator
tube is partially immersed in the hot water and the entire lower
rounded surface of the flask is bathed with hot vapor. Adjust the
vertical position of the apparatus and the water temperature as
required to complete the concentration in 10 to 15 minutes. At the
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3.

2.8

2.9

proper rate of distillation, the balls of the column will actively
chatter but the chambers will not flood with condensed solvent. When
the apparent volume of liquid reaches 1 mL, remove the K-D

apparatus. Allow it to drain and cool for at least 10 minutes.

Momentarily remove the Snyder column, add 50 mL of hexane and a new
boiling chip, and re-attach the Snyder column. Pre-wet the column by
adding about 1 mL of hexane to the top. Concentrate the solvent
extract as before. The elapsed time of concentration should be 5 to
10 minutes. When the apparent volume of l1iquid reaches 1 mL, remove
the K-0 apparatus and allow it to drain and cool at least 10 minutes.

Remove the Snyder column, and rinse the flask and its lower joint
into the concentrator tube with 1 to 2 miL of hexane.

Nitrogen Blowdown

3.1

3.2

Place the concentrator tube in a warm water bath (35°C) and evaporate
the solvent volume to 0.5 mL using a gentle stream of clean, dry
nitrogen (filtered through a column of activated carbon). Caution:
New plastic tubing must not be used between the carbon trap and the
sample, as it may introduce interferences. The internal wall of the"
tube must be rinsed down several times with hexane during the
operation, and the final volume must be brought to 0.5 mL. During
evaporation, the tube solvent level must be kept below the water
level of the bath. The extract must never be allowed to become dry.

Dilute the extract to 1 miL with acetone and proceed to Step S5 Alumina
Column Cleanup.

Sample Extraction - Continuous Liquid-Liquid Extractor

4.1

4.2

When experience with a sample from a given source indicates that a
serious emulsion problem will result, or if an emulsion is
encountered in Step 2.3 using a separatory funnel, a continuous
extractor should be used.

Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and
place it into the continuous extractor. Add 100 ul of surrogate
standard spiking solution into the continuous extractor and mix

well. Check the pH of the sample with wide-range pH paper and adjust
the pH to between 5 and 9 with 10N sodium hydroxide and/or 1:1
sulfuric acid solution.
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4.3 Add 500 mL of methylene chloride to the distilling flask. Add

5.

fe)

sufficient reagent water to ensure proper operation and extract for
18 hours. Allow to cool, then detach the boiling flask and dry.
Concentrate the extract as in Steps 2.5 through 3.2.

Alumina Column Cleanup

5.1

5.2

5.3

5.4

Add 3 g of Activity IIl neutral alumina to the 10-mL chromatographic
c?lumn. Tap the column to settle the alumina. Do not pre-wet the
alumina.

Transfer the 1 mL of hexane/acetone extract from Step 3.2 to the top
of the alumina using a disposable Pasteur pipet. Collect the eluate
in a clean 10-mL concentrator tube.

Add 1 mL of hexane to the original extract concentrator tube to rinse
it. Transfer these rinsings to the alumina column. Elute the column
with an additional 9 mL of hexane. Do not allow the column to go dry
during the addition and elution of the sample.

Concentrate the cleaned-up extract using the nitrogen blowdown
technique as described -in Step 3.0, adjusting the final volume to
1.0 mL with hexane. The pesticide/PCB fraction is ready for
analysis. Store the extracts at 4°C (+2°C) in the dark in
Teflon-sealed containers until analyses are performed.

Optional Sulfur Cleanup

6.1

6.2

Transfer the 1-mL extract from Step 5.4 to a 50-mL clear glass bottle
or vial with a Teflon-lined screw cap. Rinse the concentrator tube
with 1 mL of hexane, adding the rinsings to the 50-mL bottle.

Add 1 mL of TBA-sulfite reagent and 2 mL of 2-propancl, cap the
bottle, and shake it for at least 1 minute. If the sample is
colorless or if the inittal color is unchanged, and if clear crystals
(precipitated sodium sulfite) are observed, sufficient sodium sulfite
is present. 1f the precipitated sodium sulfite disappears, add more
crystalliine sodium sulfite in approximately 100-mg portions until a
solid residue remains after repeated shaking.
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6.3 Add 5 mL of distilled water and shake the sample for at least
1 minute. Allow the sample to stand 5 to 10 minutes. Transfer the
hexane layer (top) to a concentrator ampule and go back to Step 5.4.

7. Cal1brat10n

7.1 The gas chromatographic system must be calibrated using the external
standard technique for all columns used for quantitation.

7.2.1 Prepare calibration standards at a minimum of -three
concentration levels for each parameter of interest by adding
volumes of one or more stock standards to a volumetric flask
and diluting to volume with hexane. 0One of the external </
standards should be at a concentration near, but above, the MOL
and the other concentrations found in real samples, or should
define the working range of the detector. ' This should be done
on each quantitation column and each instrument used for this
analysis.

7.2.2 Using injections of 2 to 5 ul of each calibration standard,
tabulate peak height or area responses against the mass
injected. The results can be used to prepare a calibration
curve for each compound.

8. 6C-EC Primary Analysis (Quantitation may be performed on primary or
- confirmation analyses.)

8.1 Adjust oven temperature and carrier gas flow rates so that the
retention time for 4,4'-DOT is equal to or greater than 12 minutes.

8.2 Table 3 provides examples of operating conditions for the gas
chromatograph. Separation should be greater than or equal to 25%
resolution between peaks. Percent resolution is calculated by
dividing the height of the valley by the peak height of the smaller

. peak being resolved, multiplied by 100. This criterion must be

considered when determining whether to quantitate on the primary
analysis or the confirmation analysis. When this criterion can not
be met, quantitation is adversely affected because of the difficulty
in determining where to establish the baseline.
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8.2.1

8.2.2

8.2.3

8.2.4

8.2.5

Inject 2 to 5 uL of the sample or standard extract using the
solvent-flush technique or auto sampler. Smaller (1.0 ul)
volumes can be injected only if automatic devices are
employed. Record the volume injected and the total extract
volume.

Inject Individual Standard Mixes A and B and all multi-response
pesticides/PCBs at the beginning of each 72-hour sequence.

(See Paragraph 8.2.8.6). To establish the retention time
window within each 72-hour sequence for the pesticide/PCB of
interest, use the absolute retention time from the above

chromatograms as the mid-point, and plus or minus three times

the standard deviation as described earlier in Part 4 of the
Quality Assurance Section. Individual Standard Mixes A and 8
are analyzed alternately and intermittently throughout the
analysis. Any pesticide outside of its established retention
time window requires immediate investigation and correction
before continuing the analysis.

Sample analysis of extracts can begin when linearity and
degradation QA/QC requirements specified in the Quality
Assurance Sectior are met.

NOTE: The 10.0% RSD linearity criterion is only required on
the column(s) being used fcr pesticide/PCB quantitation. If a
column is used for surrogate quantitation only, the 10.0% RSD
is required only for DBC.

Analyze samples in groups of no more than five samples. After
the analysis of the first group of up to five samples, analyze
Evaluation Mix B. Analyze another group of up to five samples,
followed by the analysis of Individual Mix A or 8. Subsequent
groups of up to five samples may be analyzed by repeating this
sequence, alternately analyzing Evaluation Mix B and Individual
Mix A or B between the groups as shown in Paragraph 8.2.8.6.
The Pesticide/PCB analytical sequence must end with Individual
Mix A and B regardless of the number of samples analyzed.
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8.2.6
B
4 8.2.7
~, 8.2.8
~

If a multiresponse pesticide/PCB is detected in either of the
preceding groups of five samples, the appropriate
multiresponse pesticide/PCB may be substituted for Individual
Mix A or B. All standards listed in Paragraph 8.2.8.6 must be
included for every sample set and must be analyzed within the
same 72-hour period as those samples. If the samples are
split between two or more instruments, the complete set of
standards must be analyzed on each instrument with the same
72-hour requirement. All standards must be analyzed before
the samples to avoid the effects of poor chromatography caused
by the unsuspected injection of a highly concentrated sample.

Paragraphs 8.2.8.1 and 8.2.8.5 contain 6C performance
criteria. If it is determined during the course of a 72-hour
sequence that one or more of the criteria have been violated,
stop the run and take corrective action. After the corrective
action has been taken, the 72-hour sequence may be restarted
as follows: 1If a standard violated the criterion, restart the
sequence with that standard, determine that the criteria have
been met, and continue with sample analyses according to
Paragraph 8.2.8.6. If a sample violated the criterion,
restart the sequence with the standard that would have
followed that group of samples (thereby preserving the
sequence of standards in Paragraph 8.2.8.6), determine that
the criteria have been met, and continue with sample analyses
according to Paragraph 8.2.8.6.

If it is determined after the completion of a 72-hour sequence
that one or more of the criteria have been violated, proceed
as follows: 1If a standard violated the criterion, all samples
analyzed after that standard must be reanalyzed as part of a
new 72-hour sequence. If a subsequent standard in the
original sequence met all the criteria, then only those
samples analyzed between the standard that did not meet the
criterion and the standard that did meet the criterion must be
reanalyzed as part of a new 72-hour sequence. If only samples
violated the criteria, then those samples must be reanalyzed
as part of a new 72-hour sequence.
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Differences in the calibration factors for each
standard in Individual Standard Mixes A and B must
not exceed 20.0% (15.0% for any standard compound
used for quantitation) during the 72-hour primary
analysis. Calculate the difference using the initial
individual standard mix versus all subsequent
individual standard mixes analyzed during the 72-hour
sequence.

The retention time shift of DBC in any standard or
sample must be less than 2.0% difference for packed
columns, less than 1.5% difference for wide-bore
capillary columns (i.d. greater than 0.32 mm), and
less than 0.3% difference for narrow-bore capillary
columns (1.d. less than 0.32 mm).

Samples must also be repeated if the degradation of
DOT and/or endrin exceeds 20.0%X respectively on the
intermittent analysis of Evaluation Standard Mix B.

A1l pesticide standards must fall within the
established 72-hour retention time windows.

Highly.Eolored extracts may require a dilution.
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8.2.8.6 The 72-hour sequence must be as follows.

72-Hour Sequence for Pesticide/PCB Analysis:

Evaluation Standard Mix
Evaluation Standard Mix
Evaluation Standard Mix
Individual Standard Mix
Individual Standard Mix
Toxaphene
Technical Chlordane
Aroclors 1016/1260
Aroclor 1221 :
10. Aroclor 1232 : A
11. Aroclor 1242
12. Aroclor 1248
13. Aroclor 1254
14. Five samples
15. Evaluation Standard Mix B
16. Five samples
17. Individual Standard Mix A or 8
18. Five samples
19. Evaluation Standard Mix 8
20. Five samples
21. Individual Standard Mix A or B (whichever not run
in Step 16)
22. Five samples
23. Repeat the above sequence starting with Evaluation
Standard Mix B (Step 14 above).
24. Pesticide/PCB analysis sequence must end with ~
Individual Standard Mix A and 8 regardless of
number of samples analyzed.

OCO~NOWLMEWN~
- . . L4 [ ] . L] . .
PO

8.3 Evaluation of Chromatograms.

8.3.1

8.3.2

Consider the sample as negative when its peaks, depending on
the pesticide's response factor, result in concentrations less
than the required quantitation level. The sample is complete
at this point. Confirmation fs not required.

Tentative identification is made when the unknown's retention
time matches the retention time of a corresponding standard
that was chromatographed on the same instrument within a
72-hour period.
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8.3.3

8.3.4

8.3.5

8.3.6

Determine if any target pesticides/PCBs are present. Pattern
recognition techniques, based on chromatograms of standards,
are recommended for the identification of PCB compounds.

8.3.3.1 If the response for any of these compounds is 100X or
less of full scale, the extract is ready for
confirmation and quantitation.

8.3.3.2 If the response for any compound is greater than full
scale, dilute the extract so that the peak will be
between 50% and 100% full scale and reanalyze. Also
use this dilution for confirmation and quantitation.

8.3.3.3 For dilution greater than 10 fold. Also inject an
aliquot of a dilution 10-fold more concentrated to
determine if other compounds of interest are present
at lower concentrations.

8.3.3.4 Computer reproductions of chromatograms manipulated
to ensure all peaks are on scale over a 100-fold
range are an accepted substitute. However, this can
be no greater than a 100-fold range. This is to
prevent retention time shifts by column or detector
overload. Linearity must be demonstrated over the
100-fold range using higher concentrations of the
evaluation mixture.

Quantitation may be performed on the primary analysis, with
the exception of toxaphene and possibly the DDT series. If
DDT exceeds the 10.0% RSD linearity criterion, then
quant.utions for any DDE, 00D, and DOT in a sample must be on
the confirmation analysis. Toxaphene must always be
quantitated on the confirmation analysis. See Quality
Assurance Section for special QC requirements for
quantitations. '

If identification of compounds of interest are prevented -by
the presence of interferences, further cleanup may be required.

When selecting a 6C column for confirmation and/or
quantitation, be sure that none of the compounds to be
confirmed/quantitated overlap, e.g., do not select the 3% OV-i
column if DDE and dieldrin are to be confirmed and/or
quantitated.
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9. GC/EC Confirmation Analysis

9.1 Confirmation analysis confirms the presence of all compounds
tentatively identified in the primary analysis.

Therefore, the only standards that are required are the evaluation
standard mixes (to check linearity and degradation criteria) and
standards of all compounds to be confirmed. The linearity criterion
on the confirmation column for pesticides is not required unless the
column is used for quantitation. The 72-hour sequence in

Paragraph 8.2.8.6 is therefore modified to fit each case.
Quantitation may be performed on the confirmation analysis. If
toxaphene or D0OT is to be quantitated, additional linearity
requirements are specified in Step 9.5.1.

9.2 Table 3 provides examples of operating conditions for the gas
chromatograph. Separation should be greater than or equal to 25%
resoluton between peaks. Percent resolution is calculated by
dividing the height of the valley by the peak height of the smaller
peak being resolved, multiplied by 100. This criterion must be
considered when determining whether to quantitate on the primary
analysis or the confirmation analysis. When this criterion cannot be
met, quantitation is adversely affected because of the difficulity in
determining where to establish the baseline.

9.3 For a fused silica capillary column confirmation, there must be
greater than or equal to 25% resolution (valley) between the
following pesticide pairs:

0 Beta-BHC and delta-BHC

0 Deildrin and 4,4'-0D7

o 4,4'-000 and endrin aldehyde

0 Endosulfan sulfate and 4,4'-00T

9.4 All QC requirements specified earlier in the Quality Assurance
Section must be adhered to, i.e., the greater than or equal
to 12-minute retention time for 4,4'-D0T, the criteria for 4,4'-00T
and endrin degradation, linearity, calibration factor for standards,
and retention time shift for DBC. The retention time criterion for
4,4'-00T does not have to be met if the confirmation column is OV-1.

9.5 Inject 2 to 5 ul (1 to 2 ul for capillary columns) of the sample
extract and standards using the solvent-flush technique or auto
samples.
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One-microliter volumes can be injected only if automatic devices are
employed. Record the volume injected and the total extract volume.
The detector attenuation must provide peak response equivalent to the
primary analysis response for each compound to be confirmed.

9.5.1 Begin the confirmation analysis GC sequence with the three
concentration levels of Evaluation Standard Mixes A, 8, and C.
The exception to this occurs when toxaphene and/or the 00T
series are to be confirmed and quantitated. There are four
combinations of pesticides that could occur; therefore, the
following sequences must be followed depending on the situation.

9.5.1.1

9.5.1.2

9.5.1.3

9.5.1.4

Toxaphene only - Begin the sequence with Evaluation
Mix B to check degradation, followed by three
concentration levels of toxaphene Check 1inearity
by calcu!ating %RSO.

If less than or equal to 10.0% RSO, use the
appropriate equation in Paragraph 8 for calculation.
1f greater than 10.0% RSO, plot a standard curve and’

- determine the ng for each sample in that set from the

curve.

00T, DDE, DDD only - Begin the sequence with
Evaluation Mix B. Then inject three concentration
levels of a standard containing DDE, DOD, and DODT.
Calculate linearity and follow the requirements
specified in Paragraph 9.5.1.1 for each compound to
be quantitated.

DOT series and toxaphene - Begin the sequence with
Evaluation Mix B. Then inject three concentration
levels of toxaphene and another three levels of the
DOT series. Calculate linearity and follow the
requirements specified in Paragraph 9.5.1.1 for each
compound to be quantitated.
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9.5.1.5 Other pesticides/PCBs plus DOT series and/or
toxaphene - Begin the sequence with Evaluation
Standard Mixes A, 8, and C. Calculate 1inearity on

the four compounds in the
If DOT and/or one or more

Evaluation Standard mixes.
of the other compounds are

greater than 10.0% RSO and/or degradation exceeds the
criterion, corrective maintenance should be performed
before repeating the above chromatography

evaluations. If only DOT
criterion and one or more

exceeds the linearity
of the DDT series is to be

quantitated, follow Paragraph 9.5.1.3 (do not repeat

Evaluation Mix B).

9.5.1.6 If none of the DOT series
00T exceeds the 10.0% RSO,

fs to be quantitated and
simply record the %RSD on

the proper form. Any time toxaphene 1s to be
quantitated, follow Paragraph 9.5.1.1.

9.5.2 After the linearity standards are injected, continue the
confirmation analysis sequence by injecting standards for al)

compounds tentatively identified in

the primary analysis, to

establish the 72-hour retention time windows. Analyze all
confirmation standards for a case at the beginning, at

tntervals specified in Step 9.5.3.,

and at the end. Any

pesticide outside of its established retention time window
requires immediate investigation and correction before
continuing the analysis. The analyst must reanalyze all
samples which follow the standard that exceeds the criterion.

9.5.3 After injection of the appropriate s

tandards as described in

the proceeding paragraph, begin injection of samples. Analyze
groups of five samples. Analyze Evaluation Mix 8 after the

first group of five samples. After
samples, analyze a standard pertaini
preceeding groups (i.e., standard m$
compounds requiring confirmation).
of five samples, alternately precedi
of five samples.

the second group of five
ng to the samples in the
x containing those

Continue analyzing groups
ng samples between groups
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9.6

9.5.4

9.5.5

The alternating standard's calibration factors must be within
15.0% of each other if quantitation is performed. Deviations
larger than 15.0% require the analyst to repeat the analyses of
samples which were analyzed after the standard that exceeds the
criterion. The 15.0% criterion only pertains to compounds
being quantitated.

If more than one standard is required to confirm all compounds
tentatively identified in the primary analysis, alternate the
standards with Evaluation Standard Mix B. Samples must also be
repeated 1f the degradation of either 00T and/or endrin exceeds
20.0% on the intermittent Evaluation Standard Mix B.

1f the samples are split between two or more instruments, all
standards and blanks pertaining to those samples must be
analyzed on each instrument.

Inject the method blank (extracted with each set of samples) on
every GC and 6C column on which the samples are analyzed.

Evaluation of Chromatograms

9.6.1

9.6.2

A compound tentatively identified in the primary analysis fis
confirmed in the retention time from the confirmation analysis
falls within the retention time window of a corresponding
standard that was chromatographed on the same instrument within
a T72-hour period.

Quantitation should be performed on the column (primary or
confirmation) that provides the best separation from
interfering peaks. Note: To determine that no pesticides/PCBs
are present at or above the contract required quantitation
limit is a form of quantitation.

9.6.2.1 Quantitation of Chlordane. Because weathering and/or
different formulations of chlordane usually modify
the pattern exhibited by technical chlordane, this
method is not appropriate for determining technical
chlordane. Instead, standards for alpha chlordane
and gamma chlordane are used for quantitation, and
each isomer of chlordane is reported separately.
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9.6.3

9.6.4

9.6.5

9.6.6

9.6.7

Computer reproduction of chromatograms that are attenuated to
ensure that all peaks are on scale over a 100-fold range are
acceptable. However, this can be no greater than a 100-fold
range. This is to prevent retention time shifts by column or
detector overload. Also, peak response myst be greater than
25% of full scale deflection to allow visual pattern
recognition of multicomponent compounds, and individual
compounds must be. visible.

If identification of compounds of interest are prevented by the
presence of interferences, further cleanup is required. If
sulfur is evident, go to Step 6 (Optional Sulfur Cleanup).

If unknown interferences or poor chromatography are noted only
in the sample chromatogram, it is recommended that ge)
permeation chromatography cleanup is applied.

Calculate surfbgate standard recovery on all samples, blanks,
and spikes unless the surrogate was diluted out. ODetermine if
recovery is within 1imits and report.

If target pesticide/PCB compounds were identified in the
unspiked sample from which the matrix spike and matrix spike
duplicate were prepared, confirmation analysis is required for
the matrix spike and matrix spike duplicate. 1If target
pesticide/PCB compounds were not identified in the unspiked
sample, confirmation of the matrix spike and matrix spike
duplicate is not required.

10. Calculations

10.1 Calculate the concentration in the sample using the following
equatfion for external standards. Response can be measured by the
manual peak height technique or by automated peak height or peak area
measurements from an integrator.
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Concentration (ug/L) = (Ax) (1) (V4)

Vs

(Ag) (V) (Vg)

Response for the parameter to be measured

Response for the external standard

Volume of total extract (uL) (take into account
any dilutions)

Amount of standard injected in nanograms (ng)

Volume of extract injected (ul)

Volume of water extracted (mL)

10.2 For multicomponent mixtures (chlordane, toxaphene, and PCB) match
retention times of peaks in the standard with peaks in the sample.
Quantitate every identifiable peak (greater than 50% of the total
area must be used) unless interference with individual peaks persist
after cleanup. Add peak height or peak area of each jdentified peak
in the chromatogram. Calculate as total response in the sample
versus total response in the standard.

10.3 Calculation of surrogate'and matrix spike recoveries.

Percent recovery = Qd x 100%

Qa

Where:

Qd = Quantity determined by analysis

Qa

= Quantity added to sample
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Table

Method Detection Limits

Compound

Aldrin

alpha-BHC
beta-BHC
gamma-BCH (1lindane)
delta-BHC
alpha-chlordane
gamma~chlordane
Technical chlordane
4,4'-000

4,4'-00€

4,4'-00T

Dieldrin
Endosulfan 1
Endosulfan 11
Endosulfan sulfate
Endrin

Endrin aldehyde
Endrin ketone
Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene

PCB-1016

PCB-1221

PCB-1232

PCB-1242

PCB-1248

PCB-1254

PCB-1260 -

* 0etection>lim1ts estimated

Method

MP-LDLP-MA
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Detection Limit (uq/L)

0.005
0.002
0.003
0.005
0.002
0.003
0.009
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Compound

Aldrin

alpha-BHC

beta-BHC

gamma-BCH (1indane)
delta-BHC
alpha-chiordane
gamma-chlordane
Technical chlordane
4,4'-000

4,4'-D0E

4,4'-D0T

Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin :
Endrin aldehyde
Endrin ketone
Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene

PCB-1016

PCB-1221

PCB-1232

PCB-1242

PCB-1248

PCB-1254

PCB-1260

ND Not determined.

CONFIDENTIAL
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Table 2

Precision and Accuracy Data

Pesticide/PCB Screen

Spike Level
—{uq/t)

0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
ND
0.025
0.025
0.025
0.025
0.0125
0.025
0.025

o [eNolojoloRoNaofoaalo}] OCO0OO0OO0OOoO

Average Recovery
(ua/t)

0.
.0105
.0102
.00955
.0106
.0116
.0130

.0228
.0220
.0209
.0187
.0104
.0204
.0212
.0206
.0180 -
.0229
.00930
.0106
118

00858

.0675

%)

= MP-LDLP-MA
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Standard

Deviation

Aua/t)
69 0.00159
84 0.000706
82 - 0.000837
76 0.00152
85 0.000561
93 - 0.000866
104 0.00298
9N .0.00157
88 -0.00168
84 0.00350
15 0.00809
83 0.00129
81 0.00382
85 0.00181
82 0.00245
72 0.00370
92 0.00143
74 0.00188
85 0.00164
94 0.0189
135 0.010

5 0.0229
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Table 3.0
Recommended GC Operating Conditions

Column 1: COLUMN: 6 ft x 4 mm 1.d., 1.5% SP-2250/1.95%
SP-2401 on 100/120 Suplecoport
TEMP OF: INJ 200°C, COL 210°C, DET 300°C
Ar/CHg: 95/5 FLOW RATE 60 mL/minute
RECORDER: 1 mV full scale; 0.5 cm/minute

Column 2: COLUMN: 6 ft x 4 mm 1.d., 3% 0V-1%
on 807100 GAS CHROM Q
TEMP OF: 1INJ 200°C, COL 210°C, DET 300°C
Ar/CHq: 95/5 FLOW RATE 60 mL/minute
RECORDER: 1 mV full scale; 15 in/hour

MP~LDLP-MA
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Column 3: COLUMN: 30 m x 0.53 mm i.d., DB 608 FSOT Megabore

TEMP OF:- INJ 150°C, DET 300°C ~
PROGRAM: INITIAL TEMP 150°C, Hold O minutes,

RATE 8°C/minute; FINAL TEMP 250°C, HOLD 16 minutes

CARRIER GAS: Helium at 6 mL/minute
Pt . MAKE-UP GAS: Nitrogen at 30 mL/minute

T RECORDER: 1mV full scale; 10 mm/minute

Column 4: COLUMN: 30 m x 0.53 mm 1.d., 0B 5 Megabore
: TEMP OF: 1INJ 150°C, DET 300°C
PROGRAM: TINITIAL TEMP 150°C

RATE 8°C/minute; FINAL TEMP 250°C, HOLD 16 minutes

CARRIER GAS: Helium at 6.5 mL/minute
MAKE-UP GAS: Nitrogen at 30 mL/minute
RECORDER: 1mV full scale; 10 mm/minute
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ASSAY TITLE: Low Level Semivolatile Analysis of Water Samples by
Gas Chromatography/Mass Spectroscopy

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc.
Environmental Analysis

SCOPE:

This method covers the determination of the priority pollutant and Target
Compound List (TCL) semivolatile organics in drinking water sources using gas
chromatography/mass spectrometry (GCMS). The compounds determined by this
method are reported with detection 1imits lower than those generated by the
standard GCMS semivolatile screen. The standard 1jst of compounds calibrated
and analyzed for are presented in Table 10 as an attachment.

PRINCIPLE:

A 1-L sample is serially extracted with methylene chloride at a pH greater
than 11 and again at a pH less than 2, using a separatory funnel or continuous
extraction technique. The methylene ¢hloride extracts are dried and
concentrated separately and stored at 4°C until instrumental analysis. Just
prior to analysis the two extracts (>pH 11 and <pH 2) are combined and

reduced to a final volume of 0.5 mL. The extract is separated by gas
chromatography and the analytes of interest are measured by a mass
spectrometer detector in the electron impact mode.

SENSITIVITY, PRECISION, ACCURACY:

The method detection 1imits presented in Table 10 represent the sensitivities
that can be achieved in ground water in the absence of interferences.

Preciston and accuracy for this method, as generated from an inhouse
validatinn study, i< presented in Table 10.

REFERENCES:

1. Environmental Protection Agency (EPA) Method 625 (Federal Register 49
(209): 43385-43406, October 16, 1984).

2. Environmental Protection Agency (EPA) Contract Laboratory Program,
Statement of Work for "Organic Analysis Multi-Media Multi-Concentration*,
October 1986. Revisions: January 1987; February 1987; July 1987;
August 1987. Exhibits: 8, D, E.
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SAFETY PRECAUTIONS: |

The toxicity or carcinogenicity of chemicals used in this method have not been
precisely defined; each chemical should be treated as a potential health
hazard and exposure to these chemicals should be minimized. Each analyst 1is
responsible for maintaining awareness of OSHA regulations regarding safe
handling of chemicals used in this method. Additional references to
laboratory safety are available for the information of the analyst.

The following parameters covered by this method have been tentatively
classified as known or suspected, human or mammalian carcinogens:
benzo(a)anthracene, benzidine, 3,3'-dichlorobenzidine, benzo(a)pyrene,
dibenzo(a,h)anthracene, and N-nitrosodimethylamine. Primary standards of
these toxic compounds should be prepared in a hood. A NIOSH/MESA approved
toxic gas respirator should be worn when the analyst handles high
concentrations of these toxic compounds.

INTERFERENCES:

Method interferences may be caused by contaminants in solvents, reagents,
glassware, and other sample processing hardware, that lead to discrete
artifacts or elevated baselines in the total ion current profiles (TICPs).
A1l of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks. Matrix interferences may be caused by contaminants that are
coextracted from the sample. The extent of matrix interferences will vary
considerably from source to source.

QUALITY ASSURANCE:

This section outlines the minimum quality control (QC) operations necessary to
satisfy the analytical requirements associated with the determination of
semivnlatile organic TCL compounds in water. The QC operations are as follows:

Documentation of GC/MS mass calibration and abundance pattern
Documentation of GC/MS response factor stability

Internal standard response and retention time monitoring
Method blank analysis

Surrogate spike response monitoring

Matrix spike and matrix spike duplicate analysis

PN D WN -

Tuning and GC/MS Mass Calibration

1. It is necessary to establish that a given GC/MS meets the standard mass
spectral abundance criteria before initiating any on-going data
collection. This is accomplished through the analysis of Decafluoro-
triphenylphosphine (OFTPP).
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Decafluorotriphenylphosphine (DFTPP)

1.1

1.1

A

.2

tEach GC/MS system used for the analysis of semivolatile
compounds must be hardware-tuned to meet the abundance
criteria listed in Table 1 for a 50-ng injection of DFTPP.
DFTPP may be analyzed separately or as part of the calibration
standard. The criteria must be demonstrated daily or for each
12-hour period, whichever is more frequent, before samples can
be analyzed. DFTPP must be injected to meet this criterion.

Whenever corrective action is taken that may change or affect
the tuning criteria for DFTPP (e.g., fon source cleaning or
repair, etc.), the tune must be verified irrespective of the
12-hour tuning requirements.

Table 1. OFTPP Key Ions and Ion Abundance Criteria

Mass Ion Abundance Criteria

51 30.0 - 60.0% of mass 198

68 Less than 2.0% of mass 69

70 Less than 2.0X of mass 69

127 40.0 - 60.0% of mass 198

197 Less than 1.0% of mass 198

198 Base peak, 100X relative abundance
199 5.0 - 9.0% of mass 198

275 10.0 - 30.0% of mass 198

365 Greater than 1.00% of mass 198
431 Present but less than mass 443
442 Greater than 40.0% of mass 198
443 17.0 ~ 23.0% of mass 442

Calibration of the GC/MS System

2.

Before the analysis of samples and required blanks, and after tuning
criteria have been met, the GC/MS system must be inittally calibrated at a
minimum of three concentrations to determine the linearity of response
utilizing TCL compound standards. Once the system has been calibrated,
the calibration must be verified each 12-hour time period for each GC/MS

system. )

2.1 Prepare calibration standards to yield the following specific
concentrations.
2.1.1 Semivolatile TCL Compounds

Initial calibration of semivolatile TCL compounds is required
at 20, 50, and 100 total nanograms.
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2.2 Analyze: each calibration standard and tabulate the area of the

primary characteristic fon (Tables 2 and 3) against concentration for
each compound including all required surrogate compounds. The
relative retention times of each compound in each calibration run
should dgree within 0.06 relative retention time units. Late eluting
compounds usually will have much better agreement.

Using Téble 4, calculate the RRF for each compound at each
concentration level using Equation 1.

4
Ay x Cy

‘RRF = Equation 1
Ajg Cx

Ay = Area of the characteristic ion for the compound to be
measured.

Ais = Area of the characteristic fon for the specific internal
standards from Tables 2 or 3.

Cijg = Concentration of the internal standard (ng/ul).

CX = Concentration of the compound to be measured (ng/ul).

2.2.1 Using the relative response factors (RRF) from the initial
calibration, calculdte the ¥RSD for compounds labeled as
Calibration Check Compounds and shown in Table 4 using
tEquation 2.

%RsD = 30 x 100 Equation 2
X

Where:
RSD = Relative Standard Deviation

SD = Standard Deviation of initial response factors (per
compound) »

Where: SD = T (X3 -x)2
i=1 N

x = Mean of initial relative response factors (per compound)
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The %ZRSD for each individual Calibration Check Compound (see
Table 5) must be less than or equal to 30.0%. This criteria
must be met for the initial calibration to be valid.

2.3 A system performance check must be performed to ensure that minimum
average RRF are met before the calibration curve is used.

2.3.1

2.3.2

For semivolatiles, the System Performance Check Compounds
(SPCCs) are: N-Nitroso-Di-n-Propylamine, Hexachlorocyclo-
pentadiene, 2,4-Dinitrophenol, and 4-Nitrophenol. The
minimum acceptable average RRF for these compounds is 0.050.
SPCCs typically have very low RRFs (0.1 - 0.2) and tend to
decrease in response as the chromatographic system begins to
deteriorate or the standard material begins to deteriorate.
These compounds are usually the first to show poor
performance. Therefore, they must meet the minimum
requirement when the system is calibrated.

The initial calibration is valid only after both the XRSD for
CCC compounds and the minimum RRF for SPCC have been met.
Only after both these criteria are met can sample analysis
begin. .
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Characteristic Ions for Semivolatile TCL Compounds

Parameter Primary Ion Secondary Ion(s)
Phenol 94 65, 66
bis(-2-Chloroethyl)Ether 93 63, 95
2-Chlorophenol 128 64, 130
1,3-Dichlorobenzene 146 148, 113
1,4-Dichlorobenzene 146 148, 113
Benzyl alcohol 108 79, 17
1,2-Dichlorobenzene 146 148, 113
2-Methylphenol 108 107
bis(-2-Chloroisopropyl)Ether 45 17, 19
4-Methylphenol 108 107
N-Nitroso-di-propylamine 70 42, 101, 130
Hexachloroethane 117 201, 199
Nitrobenzene 71 123,65
Isophorone 82 95, 138
2-Nitrophenol 139 65, 109
2,4-Dimethylphenol 107 121, 122
Benzoic acid 122 105,77
bis(-2-Chloroethoxy)Methane - 93 95, 123
2,4-Dichlorophenol 162 164, 98
1,2,4-Trichlorobenzene 180 182, 145
Naphthalene 128 129, 127
4-Chloroaniline 1217 129
Hexachlorobutadiene 225 223, 221
4-Chloro-3-Methylphenol 107 144, 142
2-Methylnaphthalene 142 141
Hexachlorocyclopentadiene 237 235, 2172
2,4,6-Trichlorophenol 196 198, 200
2,4,5-Trichlorophenol 196 198, 200
2-Chloronaphthalene 162 164, 127
2-Nitroaniline 65 92, 138
Dimethyl phthalate 163 194, 164
Acenaphthylene 152 151, 153
3-Nitroaniline 138 108, 92
Acenaphthene 153 152, 154
2,4-Dinitrophenol 184 63, 154
4-Nitrophenol 109 139, 65
Dibenzofuran 168 139
2,4-Dinitrotoluene 165 63, 182
2,6-Dinitrotoluene 165 89, 121
Diethylphthalate 149 177, 150
4-Chlorophenyl-phenylether 204 206, 141
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Charécteristic Ions for Semivolatile TCL Compounds

Parameter Primary Ion Secondary Ion(s)
Fluorene 166 165, 167
4-Nitroaniline 138 92, 108
4,6-Dinitro-2-Methylphenol 198 182, 77
N-Nitrosodiphenylamine 169 168, 167
4-Bromophenyl-phenylether 248 250, 141
Hexachlorobenzene 284 142, 249
Pentachlorophenol 266 264, 268
Phenanthrene 178 179, 176
Anthracene 178 179, 176
Di-N-Butylphthalate 149 150, 104
Fluoranthene 202 101, 100
Pyrene 202 101, 100
Butylbenzylphthalate 149 91, 206
3,3'-Dichlorobenzidine 252 254, 126
Benzo(a)Anthracene 228 229, 226
bis(2-Ethylhexyl)Phthalate 149 167, 279
Chrysene 228 226, 229
Di-N-Octyl phthalate 149 -
Benzo(b)Fluoranthene 252 253, 125
Benzo(k)Fluoranthene 252 253, 125
Benzo(a)Pyrene 252 253, 125
Indeno(1,2,3-cd)Pyrene 276 138, 227
Dibenz(a, h)Anthracene 278 139, 279
Benzo(g, h, i) Perylene 276 138, 277
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Internal Standards for Semivolatile Compounds

Primary Ion

Secondary lon(s)

Phenol-dg
2-Fluorophenol
2,4,6-Tribromophenol
d-5 Nitrobenzene
2-Fluorobiphenyl
Terphenyl

1,4-Dichlorobenzene-dy
Naphthalene-dg
Acenaphthene-dy
Phenanthrene-dyg
Chrysene-dyg
Perylene-dyo

Surrogates

99
12
330

82
172
244

Internal Standards

152
136
164
188
240
264

42, N
64

332, 141
128, 54
mn

122, 212

115

68

162, 160
94, 80
120, 236
260, 265
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Semivolatile Internal Standards with Corresponding TCL Analytes Assigned for Quantitation

1,4-Dichlorobenzene-d  Naphthalene-d Acenaphthene-d Phenanthrene-d Chrysene-d Perylene-d
Phenol Nitrobenzene Hexachlorocyclo- 4,6-Dinitro-2- Pyrene Di-n-octyl
bis(2-chioroethyl) Isophorone pentadiene methy1phenol Butylbenzyl phthalate
ether 2-Nitrophenol 2,4,6-Trichloro- N-ni trosodi - phthalate Benzo(b)fluor-
2-Chlorophenol 2,4-Dimethyl - phenol phenylamine 3,3'Dichloro- anthene
1,3-Dichlorobenzene phenol 2,4,5-Trichloro- 1,2-Diphenylhy- benzidine Benzo(k ) fluor~
1,4-Dichlorobenzene Benzoic acid phenol drazine Benzo(a)- anthene
Benzyl alcohol bis(2-Chloro- 2-Chloronaphthalene 4-Bromophenyl anthracene Benzo(a)pyrene
1,2-Dichlorobenzene ethoxy Jmethane 2-Nitroaniline phenyl ether bis(2-ethyl- Indeno(1,2,3-c
2-Methylphenol 2,4-Dichloro- Dimethyl phthalate Hexachloro- hexyl )phthalate pyrene
bis(2-Chloroiso- phenol Acenaphthylene benzene Chrysene Dibenz(a, h)
propyl Jether 1,2,4-Trichloro- 3-Nitroaniline Pentachloro- Terpnenyl-d) 4 anthracene
4-Methylphenol benzene Acenaphthene phenol (surr) Benzo(g,h,1)
N-nitroso-Di-n- Naphthalene 2,4-Dinitrophenol Phenanthrene perylene
propylamine 4-Chloroaniline 4-Nitrophenol - Anthracene
Hexachloroethane Hexachloro- Dibenzofuran Di-n-butyl
2-Fluorophenol butadiene 2,4-Dinitrotoluene phthalate
(surr) 4-Chloro-3- 2,6-Dinitrotoluene Fluoranthene
Phenol-dg (surr) methy1phenol Diethyl phthalate

2-Methylnaphth-
alene '

Nitrobenzene-ds
(surr)

(

4-Chloropheny] -
phenyl ether

Fluorene

4-Nitroaniline

2-Fluorobiphenyl
(surr)

2,4,6-Tribromo
pheno)
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2.4 Continuing Calibration

A calibration standard(s) containing all semivolatile TCL compounds,
including a1l required surrogates, must be analyzed each 12 hours
during analysis. Compare the RRF data from the standards each

12 hours with the average RRF from the initial calibration for a
specific instrument. A system performance check must be made each
12 hours. If the SPCC criteria are met, a comparison of relative
response factors is made for all compounds. This is the same check
that is applied during the initial calibration. 1If the minimum RRFs
are not met, the system must .be evaluated and corrective action must
be taken before sample analysis begins.

2.4.1

2.4.2

Some possible problems are standard mixture degradation,
injection port inlet contamination, contamination at the from
end of the analytical column, and active sites in the column
or chromatography system. This check must be met before
analysis begins. The minimum RRF for semivolatile SPCC is
0.050.

Calibration Check Compounds (CCC)

After the system performance check is met, CCCs listed in
Table 5 are used to check the validity of the initial
calibration. Calculate the percent difference using
Equation 2.3.

RRF1 - RRF.
% Difference = Equation 3
‘ RRFp
Where:
RRF[ = Average response factor from initial calibration
RRFe = Response factor from current verification check

standard.

2.4.2.1 1If the percent difference for any compound is greater
than 20%, the laboratory should consider this a
warning limit. If the percent difference for each
CCC is less than or equal to 30%, the initial
calibration is assumed to be valid. If the criteria
are not met (>30X% difference), for any one
calibration check compound, corrective action MUST be
taken.
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Jable 5 Calibration Check Compounds

Base/Neutral Fraction Acid Fraction
Acenaphthene 4-Chloro-3-Methylphenol
1,4-Dichlorobenzene 2,4-Dichlorophenol
Hexachlorobutadiene 2-Nitrophenol
N-Nitroso-di-n-phenylamine Phenol
Di-n-octylphthalate Pentachlorophenol
Fluoranthene 2,4,6-Trichlorophenol
Benzo(a)pyrene

Continuing calibration: 20 ng except for the following: _
Benzoic acid, 2,4-Dinitrophenol, 2,4,5-trichlorophenol, all three
nitroaniline isomers, 4-Nitrophenol, 4,6-Dinitro-2-methylphenol,

- and pentachlorophenol which are to be injected at 50 ng.

2.5 Documentation

Calculate and report the RRF and percent difference (%XD) for all
compounds. Ensure that the minimum RRF for semivolatile SPCCs is
0.050. The %D for each CCC compound must be less than or equal to
30.0%.

Internal Standard Evaluation

Internal standard responses and retention times in all samples must be
evaluated during or immediately after data acquisition. 1If the retention
time for any internal standard changes by more than 30 seconds from the
latest daily (12 hour) calibration standard, the chromatographic system
must be inspected for malfunctions, and corrections made as required. The
EICP of the internal standards must be monitored and evaluated for each
sample, blank, matrix spike, and matrix spitke duplicate. If the EICP area
for any internal standard changes by more than a factor of two (-50% to
+100%), the mass spectrometric system must be inspected for malfunction
and corrections made as appropriate. When corrections are made,
re-analysis of samples analyzed while the system was malfunctioning is
necessary.

Method Blank Analysis

4.

A method blank is a volume of deionized, distilled laboratory water,
carried through the entire analytical scheme (extraction, concentration,
and analysis). The method blank volume must be approximately equal) to the
sample volumes or sample weights being processed.

4.1 A method blank is performed with every 20 samples processed and/or
whenever samples are extracted, whichever is most frequent.



——

MP-LDLS-MA

PAGE 13 OF 28

DATE:

REPLACES: Original
SECTION: 6004

Surrogate Spike (SS) Analysis

5.

Surrogate standard determinations are performed on all samples and

blanks. All samples and blanks are fortified with surrogate spiking
compounds before purging or extraction in order to monitor preparation and
analysis of samples.

5.1

5.2

tach sample, matrix spike, matrix spike duplicate, and blank are
spiked with surrogate compounds before extraction. The surrogate
spiking compounds shown in Table 6 are used to fortify each sample,
matrix spike, matrix spike duplicate, and blank with the proper
concentrations. Performance based criteria are generated from
laboratory results. Therefore, deviations from the spiking protocol
will not be permitted.

Table 6 Surrogate Spiking Compounds

Compounds ) Amount in Sample
Fraction Water (ug) .
Nitrobenzene-ds BNA 25
2-Fluorobiphenyl BNA 25
p-Terphenyl-dq4 BNA 25
Phenol-ds BNA 50
2-Fluorophenol BNA 50
2,4,6-Tribromophenol BNA 50

Surrogate spike recovery must be evaluated by determiri..; whether the
concentration (measured as percent recovery) falls inside the
recovery limits listed in Table 7.

Table 7 Required Surrogate Spike Recovery Limits

Fraction Surrogate Compound Water
BNA Nitrobenzene-dsg 35-114
BNA 2-Fluorobiphenyl 43-116
BNA p-Terphenyl-dq4 33-141
BNA Phenol-ds 10-94
BNA 2-Fluorophenol 21-100

BNA 2,4,6-Tribromophenol 10-123
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5.3 The analyst must take the actions listed below if either of the
following conditions exists:

0

Recovery of any one surrogate compound in either base neutral or
acid fraction is below 10%.

Recoveries of two surrogate compounds in either base neutral or
acid fractions are outside surrogate spike recovery limits.

5.3.1

The analyst shall document (in this instance, document
means to write down and discuss the problem and
corrective action taken in the Case Narrative) deviations

outside of acceptable quality control 1imits and take the

following actions:

5.3.1.1

5.3.1.2

5.3.1.3

5.3.1.4

Check calculations to ensure that there are no
errors; check internal standard and surrogate
spiking solutions for degradation,
contamination, etc., also check instrument
performance.

If the steps in 5.3.1.1 fail to reveal a

problem, then reanalyze the extract. If

reanalysis of the extract solves the problem,

then the problem was within the analyst's

control. Therefore, only submit data from the
analysis with surrogate spike recoveries within

the control windows. This shall be considered

the initial analysis and shall be reported as

such on all data deliverables. _ =

If the steps in 5.3.1.2 fail to solve the
problem, then reextract and reanalyze the
sample. If the reextraction and reanalysis
solves the problem, then the problem was in the
analyst's control. Therefore, only submit data
from the extraction and analysis with surrogate
spike recoveries within the control windows.
This shall be considered the initial analysis
and shall be reported as such on all data
deliverables.

If the reextraction and reanalysis of the sample
does not solve the problem, i.e., surrogate
recoveries are outside the control windows for
both analyses, then submit the surrogate spike
recovery data and the sample data from both
analyses. Distinguish between the initial
analysis and the reanalysis on all data
deliverables.
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5.4 Documentation

The laboratory shall report surrogate recovery data for the following:

» s

o Method blank analysis

o Sample analysis

0 Matrix spike/matrix spike duplicate analysis

0 A1l sample reanalyses that substantiate a matrix effect

i

i Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSD)
6.1 MS/MSD Frequency of Analysis
S—
A matrix spike and matrix spike duplicate must be performed for each
group of samples of a similar matrix, once:
° Each case of field samples received, OR
o Each 20 field samples in a case, OR

| whichever is most frequent.

: 6.2 Use the compounds listed in Table 8 to prepare matrix spiking
solutions. Optional dilution steps must be accounted for when
calculating percent recovery of the matrix spike and matrix spike
duplicate samples.

.zi} _Table 8 Matrix Spiking Solutions
: Spike Spike
~ Base/Neutra. . Amount Acids Amount

; (vg) (vg)
i,2,4~irichlorobenzene 25 Pentachlorophenol 50
Acenaphthene 25 Phenol 50

; 2,4-Dinitrotoluene 25 2-Chlorophenol 50
Pyrene 25 4-Chloro-3-Methyl- 50
1,4-Dichlorobenzene phenol

25 4-Nitrophenol 50

6.2.1 Samples requiring optional dilutions and chosen as the matrix
spike/matrix spike duplicate samples, must be analyzed at the
same dilution as the original unspiked sample.
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6.3 Individual component recoveries of the matrix spike are calculated --

6.5

using Equation 4

Matrix Spike Percent Recovery = §§3§i_§ﬂ x 100 Equation 4

Where:

SSK
SR
SA

Spike sample results.  _
Sample result. o
Spike added from spiking mix.

Relative Percent Difference (RPD) o

The analyst is required to calculate the relative percent difference
between the matrix spike and matrix spike duplicate. The relative
percent differences (RPD) for each component are calculated using
Equation 5.

Dy - Dy
RPD = x 100 B Equation §
(Dy + D3)/2 -
Where:
RPD = Relative percent difference -

First sample value
Second sample value (duplicate)

[~
-
o

The matrix spike (MS) results (concentrations) for nonspiked
semivolatile TCL compounds shall be reported and the matrix spike
percent recoveries shall be summarized (Table 9). -

Table 9 Matrix Spike Recovery Limits

Fraction Matrix Spike Compound Water
BN 1,2,4-Trichlorobenzene 39-98 -
BN Acenaphthene 46-118
BN 2,4-Dinitrotoluene . 24-96
BN Pyrene .. 26-127
BN N-Nitroso-Di-n-Propylamine ~41-116
BN 1,4-Dichiorobenzene 36-97
Acid Pentachlorophenol 9-103 -
Acid Phenol 12-89
Acid 2-Chlorophenol 27-123
Acid 4-Chloro-3-Methylphenol - 23-97

Acid 4-Nitrophenol 10-80
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APPARATUS:

0 Separatory funnel -~ 2,000 mL, with Teflon® stopcock.

o Drying column - 19 mm ID chromatographic column with coarse frit.
(Substitution of a small pad of Pyrex glass wool for the frit will prevent
cross contamination of sample extracts.)

o Concentrator tube - Kuderna-Danish, 10 mL, graduated (Kontes K-570050-1025
or equivalent). Calibration must be checked at the volumes employed in
the test. Ground glass stopper is used to prevent evaporation of extracts.

o Evaporative flask - Kuderna-Danish, 500 mL (Kontes K—57000i 0500 or
equivalent). Attach to concentrator tube with springs.

0 Snyder column - Kuderna-Danish, three-ball macro (Kontes K503000 0121 or
equivalent).

o Snyder column - Kuderna-Danish, two-ball micro (Kontes K569001 0219 or
equivalent). . '

o Vials - amber glass, 2 mL capacity with Teflon-lined screw-cap.

o Continuous liquid-liquid extractors - equipped with Teflon or glass
connecting joints and stopcocks requiring no lubrication (Hershberg-Wolf
Extractor-Ace Glass Company, Vineland, NJ, P/N 6841-10 or equivalent).

o Silicon carbide boiling chips - approximately 10/40 mesh. Heat to 400°C
for 30 minutes or Soxhlet extract with methylene chloride.

0 Water bath - heated, with concentric ring cover, capable of temperature
control (+2°C). The bath should be used in a hood.

o 3.4 Balance - analytical, capable of accurately weighing +0.0001 g.

o 3.5 Nitrogen evaporation device equipped with a water bath that can be

maintained at 35-40°C. The N-Evap by Organomation Associates, Inc.,
South Berlin, Maryland (or equivalent) is suitable.

0 Gas chromatograph/mass spectrometer system.

0 Gas chromatograph - an analytical system complete with a temperature
programmable gas chromatograph suitable for splitless injection and all
required accessories including syringes, analytical columns, and gases.

o Column - 30 m x 0.25 mm 1D (or 0.32 mm) bonded-phase silicone coated fused
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silica capillary column (J&W Scientific DB-5 or equivalent). A film
thickness of 1.0 micron is recommended because of its larger capacity. A
film thickness of 0.25 micron may be used.
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Mass spectrometer - capable of scanning from 35 to 500 amu every 1 second
or less, utilizing 70 volts (nominal) electron energy in the electron
impact fonization mode and producing a mass spectrum which meets all
required criteria when 50 ng of decafluorotriphenylphosphine (DFTPP) is
injected through the GC inlet.

NOTE: OFTPP criteria must be met before any sample extracts are
analyzed. Any samples analyzed when DFTPP criteria have not been met will
require reanalysis.

Data system - a computer system must be interfaced to the mass
spectrometer that allows the continuous acquisition and storage on machine
readable media of all mass spectra obtained throughout the duration of the
chromatographic program. The computer must have software that allows
searching any GC/MS data file for fons of a specific mass and plotting
such ion abundances versus time or scan number. This type of plot is
defined as an Extracted Ion Current Profile (EICP). Software must also be
available that allows integrating the abundance in any EICP between
specified time or scan number limits. _

REAGENTS:

o

Reagent water - reagent water is defined as a water in which an
interferent is not observed at or above the method detection 1imit of each
parameter of interest.

Sodium hydroxide solution (10N) - dissolve 40 g NaOH in reagent water and
dilute to 100 mL.

Sodium thiosquafe - (ACS) granular.

Sulfuric acid solution (1+1) - slowly add 50 mL of HSO04 (sp gr.1.84)
to 50 mL of reagent water.

Acetone, methanol, methylene chloride - pesticide quality or equivalent.

Sodium sulfate - (ACS) powdered, anhydrous. Purify by heating at 400°C
for four hours in a shallow tray, .cool in a desiccator, and store in a
glass bottle. Baker anhydrous powder, Catalog No. 73898 or equivalent.

Surrogate standard spiking solution.

Surrogate standards are added to all samples and calibration so1utions.
the compounds specified for this purpose are phenol-dg,
2,4,6-tribromophenol, 2-fluorophenol, nitrobenzene-ds, terphenyl-dy4,
and 2-fluorobiphenyl.
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Prepare a surrogate standard spiking solution that contains the
base/neutral compounds at a concentration of 100 ug/mL, and the acid
compounds at 200 uyg/mL. Store the spiking solutions at 4°C (+2°C) in
Teflon-sealed containers. The solutions should be checked frequently for
stability. These solutions must be replaced after twelve months, or
sooner if comparison with quality control check samples indicates a
problem.

BNA Matrix standard spiking solution. The matrix spike solution consists
of:

Base/Neutrals . Acids
1,2,4-trichlorobenzene pentachlorophenol
acenaphthene phenol
2,4-dinitrotoluene 2-chlorophenol

pyrene 4-chloro-3-methylphenol
N-nitroso-di-n-propylamine ' 4-nitrophenol

1,4-dichlorobenzene

Prepare a spiking solution that contains each of the base/neutral
compounds above at 100 ug/1.0 mL in methanol and the acid compounds at
200ug/1.0 mL in methanol.

Internal standards - 1,4-dichlorobenzene-agq, naphthalene-dg,
acenaphthene-dyg, phenanthrene-dyg, chrysene-dj2, perylene-dys.

An internal standard solution can be prepared by dissolving 200 mg of each
compound in 50 mL of methylene chloride. It may be necessary to use 5 -
10% benzene or toluene in this solution and a few minutes of ultrasonic
mixing in order to dissolve all the constituents. The resulting solution
will contain each standard a concentration of 4,000 ng/uL. A 10-ul
portion of this solution should be added to each 1 mL of sample extract

(5 ul to 0.5 mL). This will give a concentration of 40 ng/uL of each
constituent.

Prepare calibration standards at three concentration levels. Each
calibration standard should contain each compound of interest and each
surrogate standard.

NOTE: Great care must be taken to maintain the integrity of all standard
solutions. Store all standard solutions at -10° to -20°C in
screw-cap amber bottles with Teflon-liners. Fresh standards
should be prepared every 12 months at a minimum. The continuing
calibration standard should be prepared weekly and stored at 4°C
(+£2°C).
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PROCEDURE :

1. Sample Storage and Holding Times

1.1

1.2
2.1

2.1

2.2

2.3

2.4

2.5

Procedures for Sample Storage

1.1.1 The samples must be protected from light and refrigerated at
4°C (+2°C) from the time of receipt until extraction and
analysis.

Holding Times

The extraction of water samples shall be completed within 5 days of
sample receipt or within 7 days of sample collection.

Sample Extraction - Separatory Funnel

Samples are extracted using separatory funnel techniques. The

separatory funnel extraction scheme described below assumes a sample
volume of 1-L. :

Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and
place it into a 2-L separatory funnel. Add 250 w1 of surrogate
standard spiking solution into the separatory funnel and mix well.
Add 250 ul of BNA matrix spiking solution to each of two 1-L
portions from the sample selected for spiking. Check the pH of the

sample with wide range pH paper and adjust to pH> 11 with 10N sodium
hydroxide.

Add 60 mL of methylene chloride to the separatory funnel and extract
the sample by shaking the funnel for 2 minutes, with periodic venting
to release excess pressure. Allow the organic layer to separate from
the water phase for a minimum of 10 minutes. If the emulsion
interface between layers is more than one-third the volume of the
solvent layer, the analyst must employ mechanical techniques to
complete the phase separation. The optimum technique depends upon
the sample, and may include: stirring, filtration of the emulsion
through glass wool centrifugation, or other physical methods.

Collect the methylene chloride extract in a 250-mL Erlenmeyer flask.

Add a second 60-mL volume of methylene chloride to the sample bottle
and repeat the extraction procedure a second time, combining the
extracts in the Erlenmeyer flask. Perform a third extraction in the
same manner. Label the combined extract as the base/neutral fraction.

Adjust the pH of the aqueous phase to less than 2 using sulfuric acid
(Y +1). Serially extract three times with 60-mL aliquots of
methylene chloride, as per Paragraph 5.3. Collect and combine the

extracts in a 250 mL Erlenmeyer flask and label the combined extract
as the acid fraction.
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BERYLLIUM

{ Method: AA - Flame; Direct Aspiration

Reference:

EPA 1983, Method 210.1

"Analytical Methods for Atomic Absorption Spectrophotometry",
1982, Perkin-E1mer Corporation

Detection Limit: 0.02 mg/L

Optimum Concentration Range: 0.02 - 2,00 mg/L

i ~ Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and

filtered groundwater free of particulate matter and
organics may be analyzed directly, while wastewaters,
leachates, solids, etc. must be digested prior to
analysis (refer to appropriate digestion procedures).
Analyze within 6 months.

Instrument Conditions:

1.

o w N
.

@

Beryllium hollow cathode lamp with lamp energy §et at 30.
Wavelength: 234.9 nm

STit Width: 0.7 Normal

Fusl: Acetylene

Oxidant: Nitrous oxide

Type of flame: Red
Standards to use for curve set-up: 0.20, 0.50, 1.00, 2.00 mg/L.

Reagent Preparation: (Prepare fresh every 6 months unless otherwise 1..ted.)

1.

Standard Beryllium Solution (10.0 mg/L Beryllium): Pipet 10 m. of..
the 1000 ppm stock beryllium solution into a 1000 mL volumetric
flask, add 1/2 mL HNO3, and dilute to the mark with Milli-Q water.

Standards (Prepare fresh every month.):

Concentration Yolume of Dilute
of Standard Beryllium Standard to
0.20 mg/L 2 mb of 10,0 mg/L Be 100 mb
0.50 mg/L S mL of 10.0 mg/L Be 100 mL
1.00 mg/L 10 mL of 10.0 mg/L Be 100 mL
2.00 mg/L 20 m. of 10.0 mg/L Be 100 mb

ReF1C-1
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? Procedure:

5

Samples must be diluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

The use of background correction is required.

Sodfum and silicon in excess of 1000 mg/L severely depress the
absorbance for beryllium. The addition of oxine (8-hydroxyquinoline)

as Aa mtrix modifier will control these interferences.

Aluminum of concentrations of 500 ug/L will depress the sensitivity,

For the analysis procedure, refer to the Atomic Absorption
Spectrometry, Flame - Direct Aspiration section of this manual,

If beryllium is to be run in concentration mode, use the 1,00
and 2.00 standards and follow the procedure for analyzing in
the concentration mode.

Quatity Control:

1.

Establish a standard curve with the standards listed above plus
a blank. Record the absorbance check standard in the absorbance
check book. The absorbances should remain consistent from run
to run, If not, necessary troubleshooting must be performed
before continuing (check wavelength, flame head alignment, lamp
alignment, etc.).

A quality control calibration standard of 0.50 mg/L is to be
analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard is still required.
The last sample analyzed in the run is to be the calibration
standard. The>c standards must be within the acceptable ranges or
the samples run after the last acceptable check standard are to

be rearalyzed. Record the calibration standards in the quality
control book. The confidence limits are noted in the quality
control book.

Duplicate and spike a minimum of 1 out of 10 samples. If less than

10 samples are analyzed, a duplicate and spike are still required.
Duplicates are to be averaged. Spike samples with a standard of

twice the concentration of the sample in a 1:1 ratio of sample to
standard. Spike recoveries and duplicates are to be within acceptable
ranges or the use of dilution or method of standard additions is

to be applied to reduce the interferences.

BeF1C-2
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Assemble a Kuderna-Danish (K-D) concentrator by attaching a lo-mL
concentrator tube to a 500-mL evaporative flask.

Transfer the individual base/neutral and acid fractions by pouring
extracts through separate drying columns containing about 10 cm of
anhydrous granular sodium sulfate, and collect the extracts in the
separate K-D concentrators. Rinse the Erlenmeyer flasks and columns
with 20 to 30 mL of methylene chloride to complete the quantitative
transfer.

Add one or two clean boiling chips and attach a three-ball Snyder
column to the evaporative flask. Pre-wet the Snyder column by adding
about 1 mL methylene chloride to the top of the column. Place the
K-D apparatus on a hot water bath (80° to 90°C) so that the
concentrator tube is partially immersed in the hot water, and the
entire lower rounded surface of the flask is bathed with hot vapor.
Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 10 to

15 minutes. At the proper rate of distillation, the balls of the
column will actively chatter but the chambers will not flood with
condensed solvent. When the apparent volume of liquid reaches 1 mL,
remove the K-D apparatus from the water bath and allow it to drain
and cool for at least 10 minutes. Remove the Snyder column and rinse
the flask and its lower joint into the concentrator tube with 1-2 mtL
of methylene chloride. A 5-mL syringe is recommended for this
operation.

Micro Snyder column technique - add another one or two clean boiling
chips to the concentrator tube and attach a two-ball micro Snyder
column. P-2-wet the Snyder column by adding about 0.5 mL of
methylene chloride to the top of the column. Place the K-D apparatus
on a hot water bath (80° to 90°C) so that the concentrator tube is
pariiaily immersed in the hot water. Adjust the vertical position of
the apparatus and the water temperature as required to complete the
concentration in 5 to 10 minutes. At the proper rate of distillation
the balls of the column will actively chatter but the chambers will
not flood with condensed solvent. When the apparent volume of liquid
reaches about 0.5 mL, remove the K-D apparatus from the water bath
and allow it to drain for at least 10 minutes while cooling. Remove
the Snyder column and rinse its flask and its lower joint into the
concentrator tube with 0.2 mL of methylene chloride. Adjust the
final volume to 1.0 mL with methylene chloride. If GC/MS analysis
will not be performed immediately, stopper the concentrator tube and
store refrigerated. If the extracts will be stored longer than

2 days, they should be transferred to individual Teflon-sealed
screw-cap bottles and labeled base/neutra] or acid fraction,
appropriate.
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3. Calibration

3.1

3.2

3.3

€ach GC/MS system must have the hardware tuned to meet the criteria
listed in Table 1 for a 50-ng injection of decafluorotriphenyl
phosphine (DFTPP). No sample analyses can begin until all these
criteria are met. This criteria must be demonstrated each 12-hour
shift. DFTPP has to be injected to meet this criterion.
Post-acquisition manipulation of abundances is not acceptable.

The internal standards should permit most components of interest in a
chromatogram to have retention times of 0.80 to 1.20 relative to the
internal standards. Use the base peak ion from the specific internal
standard as the primary fon for quantification (Table 2.2). If
interferences are noted, use the next most intense fon as the
secondary fon, i.e., for 1,4-dichlorobenzene-dg use m/z 152 for
quantification.

3.2.1 The internal standards are added to all calibration standards
and all sample extracts just prior to analysis by GC/MS. A
10-uL aliquot of the internal standard solution should be
added to a 1-mL aliquot of calibration standards.

Analyze 1 uL of each calibration standard and tabulate the area of
the primary characteristic ion against concentration for each
compound including the surrogate compounds. Calculate relative
response factors (RRF) for each compound using Equation 1.

Ax_ x Cis
RRF = Equation 1
Ais Cx
Where:
Ay = Area of the characteristic ifon for the compound to be
measured.
Ajg = Area of the characteristic jon for the specific
internal standard from Table 3.
Cis = Concentration of the internal standard {ng/ulL).
X = Concentration of the compound to be measured

(ng/ul).
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3.3.1 The average relative response factor (RRF) should be
calculated for all compounds. A system performance check must
be made before this calibration curve is used. Four compounds
(the system performance check compounds) are checked for a
minimum average relative response factor. These compounds
(the SPCC) are N-nitroso-di-n-propylamine, hexachlorocyclo-
pentadiene, 2,4-dinitrophenol, 4-nitrophenol.

3.3.2 A X relative standard deviation (%RSD) is calculated for
11 compounds labeled the calibration check compounds (CCC) on
Form VI SV and in Table 2.3. a maximum %RSD is also specified
for these compounds. These criteria must be met for the
calibration curve to be valid.

A checki of the calibration curve must be performed once every

12 hours during analysis. These criteria are described in detail
under the Quaity Assurance section of this method. The minimum RRF
for the system performance check compounds must be checked. If this
criteria is met, the RRFs of all compounds are calculated. A percent
difference of the daily (12 hour) RRF compared to the average RRF
from the initial curve is calculated. A maximum percent difference
of 30% is allowed for each compound flagged as 'CCC'. Only after
both these criteria are met can sample analysis begin.

Internal standard responses and retention times in all standards must
be evaluated during or immediately after data acquisition. If the
retention time for any internal standard changes by more than

30 seconds from the latest daily (12 hour) calibration standard, the
chromatographic system must be inspected for malfunctions, and
corrections made as requ.red. The EICP of the internal standards
must be monitored and evaluated for each standard. If the EICP area
for any internal standard changes by more than a factor of two

(-50% to +100%), the mass spectrometric system must be inspected for
malfunction and corrections made as appropriate. When corrections
are made, reanalysis of samples analyzed while the system was
malfunctioning is necessary.

Analysis

»
-

4.2

The following instrumental parameters are required for all
performance tests and for all sample analyses:

Electron energy - 70 volts (nominal)
Mass range - 35 to 500 amu
Scan time - not to exceed 1 second/scan

Combine the base/neutral extract and the acid extract and concentrate
or adjust for a final volume of 0.5 mL.
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4.3 Internal standard solution (5 uL) is added to each sample extract.

Analyze the extract by GC/MS using a bonded-phase silicone-coated
fused silica capillary column. The recommended GC operating
conditions to be used are as follows:

Initial column temperature hold - 40°C for 4 minutes

Column temperature program - 40-270°C at 10°/minute

Final column temperature hold - 270°C for 10 minutes

Injector temperature - 250-300°C

Transfer line temperature -~ 250-300°C

Source temperature - according to manufacturer's
specifications

Injector-Grob-type, splitless
Sample volume -1 -2l
Carrier gas Helium at 30 cm3/second

Qualitative Analysisv

5.1

The compounds listed in the Target Compound List (TCL), shall be
identified by an analyst competent in the interpretation of mass
spectra by comparison of the sample mass spectrum to the mass
spectrum of a standard of the suspected compound. Two criteria must
be satisfied to verify the identifications: (1) elution of the
sample component at the GC relative retention time as the standard
component, and (2) correspondence of the sample component and
standard component mass spectra.

5.1.1 For establishing correspondence of the GC relative retention
time (RRT), the sample component RRT must compare within
+0.06 RRT units of the RRT of the standard component. For
reference, the standard must be run on the same shift as the
sample. 1If coelution of interfering components prohibits
accurate assignment of the sample component RRT from the
total ion chromatogram, the RRT should be assigned by using
extracted ion current profiles for ions unique to the
component of interest.

5.1.2 For comparison of standard and sample component mass spectra,
mass spectra obtained on the analyst's GC/MS are required.
Once obtained, these standard spectra may be used for
identification purposes, only if the GC/MS meets the DFTPP
daily tuning requirements. These standard spectra may be
obtained from the run used to obtain reference RRTs.

5.1.3 The requirements for qualitative verification by comparison
of mass spectra are as follows:

5.1.3.1 A1l ions present in the standard mass spectra at a
relative intensity greater than 10% (most abundant
fon in the spectrum equals 100%) must be present in
the sample spectrum.
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5.1.3.2 The relative intensities of ifons specified in
5.1.3.1 must agree within plus or minus 20% between
the standard and sample spectra. (Example: for an
jon with an abundance of 50% in the standard
spectra, the corresponding sample ion abundance must
be between 30 and 70%.)

5.1.3.3 1Ions greater than 10% in the sample spectrum but not
present in the standard spectrum must be considered
and accounted for by the analyst making the
comparison. The verification process should favor
false positives. A1l compounds meeting the
jdentification criteria must be reported with their
spectra. For all compounds below the MDL report the
actual value followed by “J", e.g., "3J".

If a compound cannot be verified by all of the criteria in
5.1.3, but in the technical judgement of the mass spectral
interpretation specialist the identification is correct, then
the Contractor shall report that identifications and proceed
with quantification.

A library search shall be executed for non-TCL sample components for
the purpose of tentative identification. For this purpose, the
1985 release of the National Bureau of Standards Mass Spectral

Library
be used.

5.2.1

5.2.2

(or a more recent release), containing 42,261 spectra, shall

Up to 20 nonsurrogate organic compounds of greatest apparent
concentration not listed for the combined base/neutral/acid
fraction shall be tentatively identified via a forward search
of the NBS mass spectral library. (Substances with responses
less than 0% of the -nearest internal standard are not
required to be searched in this fashion.) Only after visual
comparison of sample spectra with the nearest library
searches will the mass spectral interpretation specialist
assign a tentative identification. NOTE: Computer generated
1ibrary search routines must not use normalization routines
that would misrepresent the library or unknown spectra when
compared to each other.

Guidelines for making tentative identification:
5.2.2.1 Relative intensities of major ions in the reference

spectrum (ions greater than 10X of the most abundant
fon) should be present in the sample spectrum.
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§.2.2.2 The relative intensities of the major fons should
agree within +20%. (Example: for an fon with an
abundance of 50% in the standard spectra, the
corresponding sample ion abundance must be between
30 and 70%.)

5§.2.2.3 Molecular ions present in reference spectrum should
be present in sample spectrum.

5.2.2.4 1Ions present in the sample spectrum but not in the
reference spectrum should be reviewed for possible
background contamination or presence of co-eluting
compounds.

5.2.2.5 1Ions present in the reference spectrum but not in
the sample spectrum should be reviewed for possible
subtraction from the sample spectrum because of
background contamination or co-eluting compounds.
NOTE: Data system 1ibrary reduction programs can
sometimes create these discrepancies.

5.2.3 If in the technical judgement of the mass spectral
interpretation specialist no valid tentative identification
cin be made, the compound should be reported as unknown. The
mass spectral specialist should give additional
classification of the unknown compound, if possible (i.e.,
unknown phthalate, unknown hydrocarbon, unknown acid type,
unknown chlorinated compound). If probable molecular weights
can be distinguished, include -them.

6. Quantitation

6.1

TCL components identified shall be quantified by the internal
standard method. The internal standard used shall be the one nearest
the retention time to that of a given analyte. The EICP area of
characteristic ions of analytes listed in Tables 2 and 3 are used.

Internal standard responses and retention times in all samples must
be evaluated during or immediately after data acquisition. If the
retention time for any internal standard changes by more than

30 seconds from the latest daily (12 hour) calibration standard, the
chromatographic system must be inspected for malfunctions, and
corrections made as required. The EICP of the internal standards
must be monitored and evaluated for each sample, blank, matrix spike,
and matrix spike duplicate. If the EICP area for any internal
standard changes by more than a factor of two (-50% to +100%X), the
mass spectrometric system must be inspected for malfunction and
corrections made as appropriate. When corrections are made,
re-analysis of samples analyzed while the system was malfunctioning
{s necessary.
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6.2 The RRF from the daily standard analysis is used to calculate the

6.3

6.4

concentration in the sample. Secondary ions may be used if
interferences are present. The area of a secondary jon cannot be
substituted for the area of a primary ion unless a RRF is calculated
using the secondary ion. When TCL compounds are below quantitation
1imits but the spectra meets the identification criteria, report the
concentration with a *J°%.

6.2.1 Calculate the concentration in the sample using the RRF as
determined in Paragraph 4.3 and the following equation:

(Ax) (1) (V¢)

Concentration wug/L =
(Aj5) (RRF) (Vo) (V3)

Ay = Area of the characteristic ion for the compound to e
measured

Ajs = Area of the characteristic ion for the internal
standard

I¢ = Amount of internal standard injected in nanograms
(ng)

Vo = Volume of water extracted in milliliters (mL)

Vi = Volume of extract injected (ulL)

Vt = Volume of total extract
An estimated concentration for Non-TCL components tentatively
jdentified shall be quantified by the internal standard method. For

quantification, the nearest internai standard free of interferences
shall be used.

6.3.1 The formula for calculating concentrations is the same as in
Paragraph 6.2.1. Total area counts (or peak heights) from
the total ion chromatograms are to be used for both the
compound to be measured and the internal standard. A RRF of
one (1) is to be assumed. The value from this quantitation
shall be qualified as estimated. This estimated
concentration should be calculated for all tentatively
identified compounds as well as those identified as unknowns.

Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits and report.
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If recovery is not within limits (i.e., if two surrogates
from either base/neutral or acid fractions are out of limits
or if recovery of any one surrogate in either fraction is
below 10%), the following is required.

0 Check to be sure there are not errors in calculations,
surrogate solutions, and internal standards. Also, check
instrument performance.

0 Reanalyze the sample if none of the above reveal a problem.

If none of the steps above solve the problem, then reextract
and reanalyze the sample. If the reextraction and reanalysis
of the sample solves the problem, then the problem was within
the laboratory's control. Therefore, only submit data from
the analysis with surrogate spike recoveries within the
control windows. This shall be considered the initial
analysis and shall be reported as such.

If the reextraction and reanalysis of the sample does not
solve the problem, i.e., the surrogate recoveries are outside
the control limits for both analyses, then submit the
surrogate spike recovery data and the sample analysis data
from analysis of both sample extracts. Distinguish between
the initial analysis and the reanalysis on all data
deliverables.

If the sample with surrogate recoveries outside the limits is
the sample used for the matrix spike and matrix spike

@ nlicate and the surrogate recoveries of the matrix spike
and matrix spike duplicate show the same pattern (i.e.,
outside the limits), then the sample, matrix spike, and
matrix spike duplicate do nct require reanalysis. Document
in the narrative the similarity in surrogate recoveries.
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ASSAY TITLE: The Analysis of Volatile Organics with Low Detection
Limits by Purge and Trap Gas Chromatography/Mass
Spectrometry Method

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc.
Mass Spectrometry Section

SCOPE:

This purge and trap gas chromatography-mass spectrometry (GC-MS) method is
applicable to the determination of volatile organic compounds in municipal
(drinking) water and groundwater. The compounds l1isted in Table 1 (see
attachments) represent the standard 1ist of analytes determined by this
method.

This method is restricted to use by, or under the supervision of, analysts who
are experienced in the operation of a purge and trap system, by GC-MS, and in
the interpretation of mass spectra.

PRINCIPLE:

An inert gas is bubbled through a 25-mL water sample contained in a specially
designed purging chamber at ambjent temperature. The purgeables are
efficiently transferred from the aqueous phase to the vapor phase. The vapor

~ {s swept through a sorbent trap where the purgeables are trapped. After

purging is completed, the trap is heated and back flushed with the inert gas
to desorb the purgeables onto a gas chromatographic column.  The gas
chromatograph is temperature programmed to separate the purgeables, which are
then detected with a mass spectrometer.

SENSITIVITY:

The method detection limits presented in Table 6 represent the sensitivities
that can be achieved in ground water in the absence of interferences.

PRECISION, ACCURACY:

Precision and accuracy for this method, as generated from an inhouse
validation study, is presented in Table 7.
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REFERENCES:

Environmental Protection Agency (EPA) Method 624 (Federal Register, 49
(209): 43373-43384, October 16, 1984).

. .Environmental Protection Agency (EPA) Method 524.1, Revised 1985, "Methods

for Determination of Organic Compounds in Finished Drinking Water and Raw
Source Water", September 1986.

3. Environmental Protection Agency (EPA) Contract Laboratory Program,
Statement of Work for "Organic Analysis Multi-Media Multi-Concentration®,
October 1986. Revisions: January 1987, February 1987, July 1987, August
1987. Exhibits: B, D, E.

APPROVED BY: DATE:

' Meg Richter
Group Leader
Mass Spectrometry
DATE:
John Mathew, PhD
Section Supervisor
Mass Spectrometry
REVIEWED BY: DATE:

_Debra Curley Arndt
Manager
Quality Assurance Unit

(10660)
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SAFETY PRECAUTIONS:

The toxicity or carcinogenicity of chemicals used in this method has not been
precisely defined.

o- Treat each chemical as a potential health hazard, and minimize exposure to
these chemicals.

Maintain an awareness of Occupational Safety and Health Administration (OSHA)
regulations regarding safe handling of chemicals used in this method.

0 Make a reference file of material data handling sheets available to all
personnel involved in the chemical analysis.

o Additional references to laboratory safety are available for the
information of the analyst.

The following parameters covered by this method have been tentatively
classified as known, or suspected, human or mammalian carcinogens: benzene,
tetrachloroethene, trichloroethene, carbon tetrachloride, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, chloroform,
1,2-dibromomethane and vinyl chloride.

0 Prepare primary standards of these compounds under a hood. Wear a toxic
gas respirator, approved by the National Institute of Occupational Safety
and Health/Mining Enforcement and Safety Administration (NIOSH/MESA) when

. handling high concentrations of these toxic compounds.

Observe all 1aboratory safety precautions as outlined in the Hazleton
Laboratories America, Inc., Safety Training Manual.

INTERFERENCES:

Impurities in the purge gas, organic compounds outgassing from the plumbing
ahead of the trap, and solvent vapors in the laboratory account for the
majority of contamination problems. The analytical system is demonstrated to
be free from contamination under the conditions of the analysis by running
laboratory reagent blanks. Non-Teflon® plastic tubing, non-Teflon thread
sealants, or flow controllers with rubber components in the purge and trap
system are not used.

QUALTITY ASSURANCE:

The minimum quality assurance/quality control (QA/QC) operations necessary to
satisfy the analytical requirements associated with the determination of the
volatile compounds listed in this method are as follows:

0 Doiumentation of GC/MS Mass Calibration and Abundance Pattern

o Documentation of GC/MS Response Factor Stability
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i : o Internal Standard Response and Retention Time Monitoring
0 Method Blank Analysis

6 Surrogate Spike Recovery Monitoring

o Matrix Spike and Matrix Spike Duplicate Analysis

1. GCMS Tuning and Mass Calibration

Estabiish that the GC-MS system meets the standard spectral abundance

criteria before initiating any data collection. Tune the GC-MS system

hardware to meet the abundance criteria 1isted in Table 1 for a maximum of \/
a 50 ng injection of 4-bromofluorobenzene (BFB). Do not analyze the BF8
simultaneously with any calibration standards or blanks. Demonstrate this
criteria daily.

o Meet the BFB criteria before any standards, samples, or blanks are
analyzed.

[

| o  Document the GC-MS tuning and mass calibration each time the system
is tuned.

0 Demonstrate that the GC-MS system can generate easily recognizable

i spectra using 1.5 ug/L for VOA's.
;;i%\ Table 1
' ‘\;/
BFB Key Ions and Abundance Criteria ‘

‘ Mass ‘ Ion_Abundance

Criteria
i . 50 15.0 - 40.0 percent of the base peak
i 15 30.0 - 60.0 percent of the base peak

g5 base peak, 100 percent relative abundance

Y 96 5.0 - 9.0 percent of base peak
; 173 . less than 2.0 percent of mass 174

174 greater than 50.0 percent of the base peak
\ 175 5.0 - 9.0 percent of mass 174
‘ 176 greater than 95.0 percent but less than 101.0
i percent of mass 174

171 5.0 - 9.0 percent of mass 176
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Calibration of GC-MS System

2.1

Initial Standard Calibration

Calibrate the GC-MS system at a minimum of three concentrations to
determine the linearity of response using TCL compound standards
before the analysis of samples and required blanks, and after the-
tuning criteria have been met.

Prepare calibration standards (using 50 wg/mL HSL mix and 50
ug/mL Purgeables ABC mix) to yield the following specific
concentrations: 5, 10, and 20 ug/L. Include surrogates and
internal standards at 10 ug/L with each of the calibration
standards.

Analyze each calibration standard and tabulate the area of the
primary characteristic ion against concentration for each compound
including all required surrogate compounds. The relative retention
time (RRT) of each compound in each calibration run must agree within
0.06 RRT units.

Use Table 2 and Eqﬁation 1 to calculate the relative response factors
(RRF) for each compound at each concentration level.

Equation 1

Ay Cis
RRF = —= X ——o
Ass Cx

Where:

Ay = Area of the characteristic ion for the compound to be measured

Ajg = Area of the characteristic ion for the specific internal
standards from Table 2 (attachments)

Cis = Concentration of the internal standard (ng/ul)

Cx = Concentration of the compound to be measured (ng/uL)

Use Equation 2 and the relative response factors (RRF) from the initia)
calibration to calculate the percent relative standard deviation
(% RSD) for the calibration compounds.

Equation 2

%RsD = 20 x 100

x

Where:
RSD = Relatjve standard deviation.

S0 = Standard deviation of initial relative response factors

[ 1
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Equation 3
N
Where: SD = (x4_=x)2
i=1 N-1

x = Mean of initial relative response factors (per compound)
A1l RF must be above 0.05 except 2-Butanone.

The initial calibration is valid only after the percent RSD for
calibration compounds are <40%. Common laboratory solvents

(methylene chloride and acetone) are known to bias the results to more V
than 40% RSD.

-

Table 2

Volatile Internal Standards with Corresponding

Bromochloromethane

Chloroethane
Bromomethane
Vinyl chloride
Chloroethane
Methylene chloride
Acetone
Carbon disulfide
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene
(total)
Chloroform
1,2-Dichloroethane

1,2-Dichloroethane-d4

(surr)

1,4-Difluorobenzene

2-Butanone
1,1,1-Trichloroethane
Carbon tetrachloride
Vinyl acetate
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
c¢is-1,3-Dichloropropene
Bromoform

(surr) = Surrogate compound

TCL Analytes Assigned for Quantitation

Chlorobenzene-de

2-Hexanone
4-Methyl-2-Pentanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene :
Chlorobenzene
Ethylbenzene
Styrene
Xylene (total)
Bromof luorobenzene

(surr)
Toluene-dg (surr)

—
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2.2 Continuing Calibration Check

A calibration standard(s) containing all volatile TCL compounds,
including all required surrogates must be analyzed every 12 hours
during analysis. (The concentration for each TCL compound is

10 ug/L). Compare the relative response factor data taken from the
standards each twelve hours with the average relative response factor
from the initial calibration for a specific instrument.

Use Equation 4 to calculate the percentage difference (% difference)
for all compounds and check the validity of the initial calibration.

Equation 4

% Difference = RREj - RRF. x 4q0
: RRF4

Where:

RRF5; = Average relative response factor from initial
calibration

RRF. = Relative response factor from current
calibration check standard

1f the percentage difference is less than, or equal to, 25.0%, assume
that the initial calibration is valid. If the criteria are not met,
take corrective action. This may involve rerunning the initial
three-point curve.

Evaluate the internal standard responses and retention times in all
samples immediately after, or during, data acquisition. If the retention
time fo, any internal standard changes by more than 30 seconds; inspect
the chromatographic system for malfunctions and make corrections.

Monitor the area of the extracted ion current profile (EICP) of the
internal standards and evaluate the EICP for each sample, blank, matrix
spike, and matrix spike duplicate. If the EICP for any of the internal
standard changes from the latest calibration check standard by more than
a factor of two (-50% to 100%), inspect the mass spectrometer for
malfunction, and make corrections.

Method Blank Analysis

Analyze the method blank (consists of reagent water) once for each
12-hour period. Ensure that the method blank volume is approximately
equal to the sample volume being processed. Demonstrate that the method
blank is free of contamination.
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Surrogate Spike Analysis
Perform surrogate recovery determinations on all samples and blanks. Add
the surrogate compound to each sample, matrix spike, matrix-spiked
duplicate, and blank. Use the amount of the surrogate standard and the
acceptable percentage recovery limits that are listed in Table 3.
Acceptable surrogate recovery 1imits are in Table 3. In the case of
highly concentrated or "dirty" samples, the recovery limits may not be
applicable. Make a professional judgment as to whether the sample i1s to
be reanalyzed to demonstrate a matrix problem. Check the GC-MS system by
analyzing a method blank.
Table 3
Surrogate Spike Compounds,
Concentrations and Recovery Limits
Concentration Percentage
Compounds (ppb) of Recovery
Toluene-dg | 10 80 - 120
4-Bromofluorobenzene. 10 80 -~ 120
1,2-dichloroethane-ds 10 ) 76 - 120
6. Matrix Spike/Matrix Spike Duplicate Analysis

In order to evaluate the matrix effect of the sample on the analytical
methodology and provide both precision and accuracy information, a matrix
spike and matrix spike duplicate (MS/MSD) analysis is performed with each
set of 20 samples. Spiking is performed at a level of 10 ug/L, using a
mixture of the following compounds: :

0 Benzene

0 Toluene

0 Trichloroethene

0 Chlorobenzene

0 1,1-Dichloroethene
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Calculate the individual component recoveries of the matrix spikes using
Equation 5.

Equation 5
SSR - SR
Matrix Spike Percent Recovery = --—===e- x 100
SA
Where:
' SSR = Spike sample results
N SR = Sample results

SA = Spike added from spiking mix

Calculate the relative percentage difference (RPD) for each component
using Equation 6.

Equation 6
Dy - 07
RPD = ———-——e—v x 100
(07 + Dp)/2
Where
I, RPD = Relative percentage difference
N Dy = First sample value :
o Dy = Second sample value (duplicate)
Table 4
Matrix Spike Recovery Limits
Fraction Matrix Spike Compound Control Limit*
VOA Benzene 66-142
VOA Toluene 76-125%
VOA : Trichloroethene 71-120
VOA Chlorobenzene 75-130
VOA 1,1-Dichloroethene 61-145

* These limits are for advisory purposes only. They are not to be used
to determine if a sample should be re-analyzed.
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APPARATUS:

Sample Containers

o

Vials, 40 mL, screw-cap vials with PTFE-faced silicone septum seals.

Purge and Trap System (Tekmar LSC-2 or equiavlane)

o

Purging device, all-glass, capable of accepting 25-mL samples with a
water column of at least 5 cm deep, and with a glass frit (3-cm diameter
at origin). Wash vials and seals with detergent, rinse with tap water
and then distilled water, dry at 105°C, and then allow to cool in an area
free of organic vapors.

Volatile trap, at least 25 cm long, with an inside diameter of at least
0.105 inches. The trap requires two phases: tenax and silica gel.
Before daily use, condition the trap for 10 minutes at 220°C and back
flood with an inert gas flow of at least 20 mL/minute Vent the trap
effluent to the room through a charcoal trap.

Desorber, capable of rapidly preheating the trap to 180°C, and then
desorbing the trap to the GC column, and maintaining a trap temperature
of 180°c

GC-MS System

0

Data

G6as chromatograph, Hewlett-Packard 5993 or equivalent, must be capable of
temperature programming and achieving an initial column temperature of
30° to 45°C. Use variable constant differential-flow controllers capable
of maintaining constant flow rates throughout the desorbtion and
temperature program.

Gas chromatography column, B ft x 1/8 0.D. glass column, packed with 1%
SP-1000 on Carbopack B (60/80 mesh), or equivalent.

Mass spectrometer, Finnigan 5100 or equivalent, capable of scanning from
20 to 260 amu every 7 s or less, using 70 V (nominal) of electron energy
in the electron impact ifonization mode, and producing a mass spectrum
that meets all the criteria in Table 3 (attachments) when 50 ng of
4-bromofluorobenzene (BFB) is injected through the GC inlet.

GC-MS interface, constructed of all-glass or glass-lined materials.
G6lass is deactivated by silanizing with dichloro- dimethylsilane.

System

Computer system, interfaced to the mass spectrometer, allows continuous
acquisition and storage of on machine-readable media of all mass spectra
obtained through the duration of the chromatographic program. Use a
computer with software that can search for any GC-MS data file for
specific m/z (masses) and plot such m/z abundance versus time or scan
number. Software must also be ab]e to integrate the abundance, between

-
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Syringe and Syringe Valves

) Syringes, 5- and 25-mL glass hypodermic with luerlock tip (two each)
° Micro syringes, 25 and 100 ulL
) Gas syringes, 1.0 and 5.0 mL gas tight, with shut off valve

Miscellaneous

o Standard storage containers, 3.7-mL screw-cap amber vials
0 Mini-inert valves, screw cap.

REAGENTS:

0 Reagent water, producing less than a 0.4-ug/L response for the
compounds being monitored, except those compounds recognized as common
laboratory solvents (methylene chloride, acetone, 2-butanone, toluene).

0 Methanol, demonstrated to be free of analytes (Spike 100 uL into 25 mL
of reagent water and analyze. This produces a response of less than
0.4 wug/L.)

Stock Standards

0 Prepare the working standard for the HSL mix separately, or add to the
purgeables (A, B, or C) working standards. It is convenient to prepare
them separately because the purgeables working standards must be replaced
more frequently than the HSL mix.

Preparation of a 50 ug/mL HSL Mix

The solution provided from Supelco has 2 mg/mL of each compound. Place
approximately 9 mL of methanol in a 10-mL volumetric flask. Using a 500 wl
gas tight syringe, add exactly 250 uL of Supelco HSL Standard Mix to the
volumetric flask. Ensure that the drops fall directly into the alcohol’
without touching the side of the flask. Dilute the flask to volume with
methanol, stopper and invert three times. This yields a solution with each
compound at 500 ug/mL. Store at 0°C. This standard should be replaced
monthly. '

Preparation of a 50 ug/mL Purgeables A, B, and C

Mixtures A, B, and C contain a different group of compounds. A1l are at

200 ug/mL. Place Purgeables C (the gases) in dry ice for 10 minutes. Using
a 500-ulL gas-tight syringe, add 250 uL each of methanol, Purgeables A,
Purgeables B and Purgeables C to a milliliter micro-reaction vessel equipped
with a mini-inert valve closure. Store the vial at 0°C". Replace Purgeables
A, B, and C standards weekly to maintain proper concentration of the gases.
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Preparation of a 50 ug/mL Internal Standard Mix

Supelco Purgeables Internal Standard Mix-624 provides the desired compounds in
methanol at 1,000 ug/mL. Place approximately 9 mL methanol in a 10-mL
volumetric flask. Using a 500-ulL gas-tight syringe, add exactly 500 ulL of

the internal standard mix to the methanol. Ensure that the drops fall
directly into the alcohol without touching the sides of the flask. Dilute
volume with methanol, stopper, and invert three times. Store at 0°C.

Preparation of a 25 ug/mL Surrogates Standard Mix

Supelco Purgeables Surrogate Standard Mix provides the desired compounds in
methanol at 250 wg/mL. Place approximately 8 mL methanol in a 10-mL
volumetric flask. Using a 500~ or 1,000-ul gas-tight syringe, add exactly
1.0 mL of surrogate standard mix to the methanol using the technique described
previously. Dilute to volume with methanol, stopper, and invert three times.
Store at 0°C.

Sample Spiking or Matrix Spike Standard

o Matrix spike solution, containing the five compounds-listed in Table 2
(Attachment B). No mix is commercially available that has only these
compounds. Prepare the stock standard from neat.

Preparation'of a Matrix Spike Stock Standard (2 mg/mL)

Place approximately 24 mL methanol in a 25-mL volumetric flask. Allow flask,
allow to stand unstoppered for 10 minutes, or until all alcohol-wetted
surfaces have dried and tare. Using a 100-uL syringe, add 50 mg of the

first compound; ensure that all of the drops fall directly into the alcohol
without touching the flask neck. Re-tare the flask, and add 50 mg of the next
compound. Repeat the process until all of the compounds have been added.
Dilute to volume with methanol, stopper, and invert three times. Transfer
contents to appropriate storage containers with no headspace and store at 0°C.

Preparation of a Matrix Spike Working Standard (50 wg/mL)

Place approximately 9 mL of methanol in a 10-mL volumetric flask. Using a
500-uL gas-tight syringe, add 250 ul of the 2.0 mg/mL stock solution to
the flask using the technique described previously. Dilute to volume with
methanol, stopper, and invert three times. Store at 0°C.

SAMPLE COLLECTION, PRESERVATION, AND STORAGE:

Sample Collection

o Include trip blanks with each sample set (composed of the samples
collected from the same general sampling site at approximately the same
time). Fi11 at least of two sample bottles with reagent water and seal
at the laboratory, and then ship these to the sampling site along with
the empty sample bottles. Whenever a set of samples is shipped and
stored, it is accompanied by trip blanks.
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Collect one field blank sample, which is composed of deionized laboratory
water per group of 20 or fewer samples. Prepare this blank in the field
as follows: Allow deionized laboratory water to contact the sampling
equipment and then pour it into the sampling vial. Ensure that no air
bubbles are trapped in the field blank sample when the vial {is sealed.

Collect all samples in duplicate (triplicate when high levels requiring
screening and dilution are suspected). Fill sample bottles to
overflowing. Ensure that no air bubbles pass through the sample as the
bottle is filled, or become trapped in the sample when the bottle is
sealed. .

When sampling from a water tap, open the tap and allow the system to
flush until the water temperature has stabilized (usually about

10 minutes). Adjust the flow to above 500 mL/minute and collect
duplicate samples from the stream.

When sampling from an open body of water, fill a 1-qt wide-mouth bottle
or 1-L breaker with sample from a representative area, and carefully fill
duplicate sample bottles from the 1-qt container.

Sample Preservation

0

Chill the samples to 4°C on the day of :ollection and maintain them at
that temperature until analysis. Package the field samples that are not
received at the laboratory on the day of collection for shipment with
sufficient ice to ensure that they are at 4°C on arrival at the
laboratory.

Analyze all samples within 10 days of sample receipt or within 14 days of
sample collection.

SAMPLE ANALYSIS:

1.

Quality Control Requirements

Analyze the samples after the initial quality assurance activities are
successfully completed. Twelve hours after the completion of the initial
tuning, conduct an instrument tuning and calibration-check analysis. Any
major system maintenance, such as a source cleaning or installation of a
new column, requires re-tuning and recalibration, irrespective of the
12-hour requirement (see Initial Calibration). Only the calibration
verification is done for minor maintenance (Continuing Calibration).

1.1  For highly concentrated or "dirty" samples, the EICP area for any
internal standard may change by more than a factor of two. Make a
professional judgment as to whether the sample is to be reanalyzed
to demonstrate a matrix problem. Check the GC-MS system by
analyzing a method blank.
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1.2 Check each analytical run for saturation. The level at which an
individual compound will saturate the detection system is a
function of the overall system sensitivity and the mass spectral
characteristics of that compound.

1.3 If any compound in any sample exceeds the initial calibration
range, dilute that sample. Re-adjust the internal standard
concentration and reanalyze the sample.

PROCEDURE :

Upon receipt, samples should be stored at 4°C.
Sample Analysis

A1l standards, blanks, and samples should be analyzed in the following
fashion:

2.1 Purging

2.1.1 Set up the purge and trap system. Adjust the purge gas
(helium) flow rate to 40 mL/minute.

2.1.2 Allow the sample to come to ambient temperature before
injecting it into the syringe.

2.1.3 Remove the plunger from a 25-mL syringe and attach a closed
syringe valve to it.

2.1.4 Open the sample bottle (or standard) and carefully pour the
sample into the syringe barrel to just short of overflowing.

2.1.% Replace the syringe plunge and compress the sample.

2.1.6 Hold the syringe in an upright position with the syringe
valve set on top of the syringe. Open the syringe valve,
vent any residual air and adjust the sample volume to 25 miL.

2.1.7 Because this process of taking an aliquot destroys the
validity of the sample for future analysis, fill a second
syringe at this time to protect against possible loss of data.

2.1.8 Add 10 ul of the surrogate spiking solution (25 ng/ul)
and 5 ul of the internal standard spiking solution (50
ng/ul) through the valve bore and then close the valve.

2.1.9 Attach the syringe-syringe valve assembly to the syringe
valve on the purging device.
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Open the syringe valves and inject the sample into the
purging chamber. Close both valves.

Purge the sample for 11.0 +0.1 minutes at ambient temperature.
After the 11-minute purge, attach the trap to the

chromatograph and adjust the purge and trap system to the
desorb mode.

Chromatography-Mass Spectrometry Analysis

1

Set up the 6C-MS operating parameters.

Carrier gas flow rate: 40 mL/minute

Injector temperature: 220°C

Oven temperature: Hold at 45°C for 3 minutes and then heat
to 220°C at 8°C/minute. Hold at 200°C
until the programmed run time expires.

Transfer line temperature: 225°C

Ion source temperature: 200°C

Scan range: 35-250 amu

Electron energy: 70 V

Scan Time: To give at least 5 scans per peak but not to

exceed 7 seconds per peak.

Introduce the trapped materials to the 6C column by rapidly
heating the trap to 180°C while back flooding the trap with
an inert gas between 20 and 60 mL/minute for 4 minutes. If
rapid heating of the trap cannot be achieved, use the GC
column as a second trap by cooling it to 30°C_ ~r subambient
temperature (cryogenic trapping) if the problem persists,
fnstead of the initial program temperature of 45°C.

As the trap is being desorbed into the gas chromatograph,
empty the purging chamber using the sample introduction
syringe. Wash the chamber with two 25-mL flushes of reagent
water.

After desorbing the sample from the trap for 4 minutes,
recondition the trap by returning the purge and trap system
to the purge mode. Wait 15 seconds, and then close the
syringe valve on the purging device to begin gas flow through
the trap. Maintain the trap temperature at 180°C. After

7 minutes, turn off the trap heater and open the syringe
valve to stop the gas flow through the trap. When the trap
is cool, the next sample can be analyzed. )

If the response for any m/z exceeds the working range of the
system, prepare dilution of the sample with reagent water
from the aliquot in the second syringe and reanalyze.
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Daily Analysis Scheme

3.1

3.2

3.3

3.4

Achieve acceptable abundance criteria (see Table 4) for BFB at the
beginning of each day that analyses are performed. This test must be
passed priof to analysis of any standards, blanks, or samples.

Upon achieving the key abundance criteria for BFB, calibrate the
instrument as described in the Quality Assurance section, paragraph 2.

After the instrumental calibration requirements are met, analyze a
method blank (25 mL aliquot of reagent water plus 250 ng each
internal standards mix and surrogate standards mix) to demonstrate
that the instrument is free of contamination.

Proceed with sample analysis.

Qualitative Identification

4.

4.2

4.3

4.4

4.5

4.6

Obtain EICPs for the primary m/z (Table 5, attachments) and at least
two secondary masses for each parameter of interest. The following
criteria must be met:

Ensure that the characteristic masses of each parameter of interest
is maximized in the same, or within one, scan of each other.

Ensure that the relative retention time fall within +.06 units of the
relative retention time of the standard component.

Ensure that the relative peak heights of the three characteristic
masses i.. the EICPs fall within +20% of the relative intensity of
these masses in a reference mass spectrum

A library search shall be executed for non-TCL sample components for

the purpose of tentative identification. For this purpose, the 1985

release of the National Bureau of Standards Mass Spectral Library (or
a more recent release), containing 42,261 spectra, shall be used.

Up to 10 nonsurrogate organic compounds of greatest apparent
concentration not 1isted as target volatile compounds shall be
tentatively identified via a forward search of the NBS mass spectral
1ibrary. (Substances with responses less than 10% of the nearest
interna) standard are not searched in this fashion.) Only after
visual comparison of sample spectra with the nearest 1ibrary searches
will the mass spectral interpretation specialist assign a tentative
identification. NOTE: Computer-generated library search routines
must not use normalization routines that would misrepresent the
library or unknown spectra when compared to each other.
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4.7 Guidelines for making tentative identification:

4.7.1 Relative intensities of major ions in the reference Sspectrum
(ions greater than 10% of the most abundant ion) should be
present in the sample spectrum.

4.7.2 The relative intensities of the major jons should agree
within +20%. (Example: For an ifon with an abundance of 50%
in the standard spectra, the corresponding sample ion
abundance must be between 30 and 70%.)

4.7.3 Molecular ions present in reference spectrum should be

' present in sample spectrum.

4.7.4 lons present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background
contamination or presence of co-eluting compounds.

4.7.5 1lons present in the reference spectum but not in the sample
spectrum should be reviewed for possible subtraction from the
sample spectrum because of background contamination or
co-eluting compounds. NOTE: Data system library reduction
programs can sometimes create these discrepancies.

4.8 If in the technical judgment of the mass spectral interpretation
specialist no valid tentative identification can be made, the
compound should be reported as unknown. The mass spectral specialist
should give additional classification of the unknown compound, if
possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid
type, unki..-n chlorinated compound). 1f probable molecular weights
can be distinguished, include them.

Quantitation

5.1 When a parameter has been identified, the quantitation of that
parameter is based on the integrated abundance from the EICPs of the
primary characteristic m/z given in Table 5.

5.2 Equation 7 is used to calculate the concentration in the sample using

the response factor (RF) determined in Calibration of GC-MS System
section. :

Equation 7

Concentration (ug/L) = _As X Cis_
Ais X RF
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The automatic run mode will only analysis the distinct samples.
If more than 66 samples and standards are to be run, add them at
the end of the run and depress “Previous SamR]e' key for each
sample. Since the sample labels cannot be changed, leave the
last few labels blank on the sample labels page, and write them
in when the run is completed.

Press "Stop" key to pause or end the analysis.

11. Non-automatic Run

»

(2]

o

Note: A modified or newly developed program can be run in this
mode, as well as a pre-existing program.

Set up instrument according to previous instruction. Note that
thg sample labels and report format cannot be printed in this
mode.

Advance to "Standards® screen by use of soft key on optimization
screen or through the "index".

Aspirate standards/samples and press "Read" key as in the
automatic run.

This mode is not limited to the samples. As no labels are
printed (Samg]e # only). These must be written onto the
printout by hand.

12. Instrument Shut Down

a.
b.

c.

{ INORGSOP]

Turn off flame ("Flame Off" key).
turn off all gases.

Recall program #10 or # (Emission programsz, so that no lamp is
turned on unnecessarily when the instrument is not turned on.

Turn off printer.

Turn off instrument.

SPECTR20-5
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Method: AA - Flame: Direct Aspiration

f

nce: EPA 1984, Method 202.1
"Analytical Methods for Flame Spectrophotometry", Varian, 1979

Contract Laboratory Program, "Statement of Work".

etection Limit: 0.20 mg/L

imum Concentr n Range: 0.20 - 50.0 mg/L
Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and
ter and organics

filtered groundwater free of ?articulate ma
may be analyzed directly, while wastewaters, leachates,
solids, etc. must be digested prior to analysis (refer to
appropriate digestion procedures). Analyze within 6 months.

~ Instrument Conditions:

N~ Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

-

1.
2
3
4.
5
6
7

Aluminum hollow cathode lamp with energ; set at 25.

Wavelength: 309.3 nm

S1it Width: 0.5

Fuel: Acetylene

Oxidant: Nitrous oxide

Type of flame:  Red

Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L.

1. Standard Aluminum Solution 0 Aluminum): Pipet 10 mL of the
1000 tpm stock aluminum solution into a 100 mL volumetric flask, add
1/2 mL HNO3, and dilute to the mark with Mi11i-Q water.
2. Standards (Prepare fresh every month.):
Concentration Volume of Dilute
of Standard Tuminum dar to
5.00 mg/L 0.5 mL of 1000 mg/L Al 100 mL
10.0 mg/L 1.0 mL of 1000 mg/L Al 100 mL
20.0 mg/L 2.0 mL of 1000 mg/L Al 100 mL
50.0 mg/L 5.0 mL of 1000 mg/L Al 100 mL
[ INORGSOP]
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Potassium th?ride Solution: In a 1 liter volumetric flask, dissolve
95g KCL in Mill1i-Q water and dilute to the mark.

Samples must be diluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

The use of background correction is required.
Aluminum §s partially jonized in the nitrous oxide-acetylene flame.

This problem can be controlled by the addition of potassium. Add 2 mL
of 1080 ppm potassium to 100 mL samples, blanks and standards.

= Procedure: For the analysis procedure, refer to the Atomic Absorption

Spectrometry, Flame - Direct Aspiration section of this manual.

If aluminum is to be run in concentration mode, use the 10.0 and
50.0 mg/L aluminum standards for standardization and follow the
procedure for analyzing in concentration mode.

To 10 mL of samples, blanks and standards, add 0.2 mL KCL
solution. Mix and analyze.

Quality Control:

1.

Establish a standard curve with the standards 1isted above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary. troubleshooting must be performed before continuing
(check wavelength, flame head alignment, Tamp alignment, etc.).

A quality control calibration standard of 10.0 mg/L is to be analyzed,
at a minimum, after every 10 samples. If less than 10 samples are
analyzed, a calibration standard is still required. The last sample
analyzed in the run is to be the calibration standard. These standards
must be within acceptable ranges or the samples run after the last
acceptable check standard arc to be reanalyzed. Record the calibration
standards in the quality control book. The confidence limits are noted
in the quality control book.

Duplicate and spike a minimum of 1 out of 10 samples. If less than
10 samples are analyzed, a duplicate and spike are still required.
Duplicates are to be averaged. Spike samples with standard of twice

[ INORGSOP]
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the concentration of the sample in a 1:] ratio of sample to standards.
Sﬂike recoveries and duplicates are to be within an acceptable range or
the use of dilution or method of standard additions is to be applied to

reduce the interferences.

Calculations:

1. Plot concentrations vs. absorbance on graph. Determine unknowns using
graph, or

2. Calcutate using inear regression, or

3. Calculate using the concentration mode.

[ INORGSOP}
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Method: AA - Furnace; Direct Injection
Reference: EPA 1984, Method 204.2

"Analytical Methods for Zeeman Graphite Tube Atomizers"”,
Varian, 1986

Contact Laboratory Program, "Statements of Work"
n Limit: 0.005 mg/L '
mum Concentration : 0.005 - 0.050 mg/L
, =~ Instrument Conditions:
- 1. Antimony hollow cathode lamp set at 10 mA.
2. Wavelength: 217.6 nm
3. Slit Width: 0.2
4. Mode: Peak Area
5

HGA Furnace Programming:

Step Temp (*C) Time Gas Flow
1 85 5 ON
2 95 40 ON
3 120 10 ON
3 700 5 ON
. 5 700 ] ON
= 6 700 2 OFF
. 7 2000 0.7 OFF
8 2000 2 OFF
g 2000 2 ON

6. Sample Volume : 20 ul
7. Matrix Modifier Volume: 5 ul (1% Nickel Nitrate).
8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L.
Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months.

[ INORGSOP]
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Reagent Preparation:

Standard Antimony Solution (1000 uyg/L Antimony)}: Pipet 1.00 mL of the

1000 Epm stock antimony solution into a 1000 mL volumetric flask, add
1/2 m Hﬂgg and dilute to the mark with D.I. water. Prepare fresh
every month. A

Standards (Prepare fresh every weék.):

Concentration Volume of Dilute
_of Standard Antimony Standard - —to
10.0 ug/L 1 mL of 1000 ug/L Sb 100 mL
20.0 ug/L 2 mL of 1000 ug/L Sb 100 mbL
50.0 ug/L 5 mL of 1000 ug/L Sb 100 mL

Nickel Nitrate 1% Solution: Dissolve 5.0g of nickel nitrate in 100 mbL
of D.I. water.

Samples must be diluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

The use of background correction is required.
The use of halide acids should be avoided.

Nickel nitrate is added as a matrix modifier to control interferences.

rocedure: For the analysis procedure, refer to the Atomic Absorption
Spectrometry, Furnace - Direct Injection section of this manual.
For the use of concentration mode, use the 20.0 and 50.0 standards
and follow the procedure for using the concentration mode.

Quality Control:

Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troub]eshootin? must be performed before continuin
(ghegk wavelength, furnace alignment, lamp alignment, graphite tube,
etc.).

[ INORGSOP]
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A quality control calibration standard of 20.0 uﬂ/L is to be analyzed,
at a minimum, after every 10 samples. If less than 10 samples are
analyzed, a calibration standard is still required. The last sample
analyzed in the run is to be the calibration standard. These standards
must be within acceptable ranges or the samples run after the last
accegtable calibration standard are to be reanalyzed. Record the
calibration standard in the quality control book. The confidence
limits are noted in the quality control book.

Digest a duglicate and spike; a minimum of 1 out of 10 samples. If
less than 10 samples are analyzed, a digested duplicate and spike are
still required. Duplicates are to be averaged. Spike samples with
standard of twice the concentration of the sample in a 1:1 ratio of
sample to standards. Spike recoveries and duplicate results are to be
within an acceptable ranges or the use of dilution, or method of
standard additions is to be applied to reduce the interferences.

For every sample analyzed, an analytical spike (at the bench) must be
run to verify that standard additions are not required.

An EPA reference standard will be analyzed with each analysis.

Calculations:

Plot concentrations vs. absorbance (or peak height) on graph.
Determine unknowns using graph, or

Calculate using linear regression, or

Calculate using the concentration mode.

[ INORGSOP]
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| ANT IMONY
' Method: AA - Flame; Direct Aspiration
Reference: EPA 1983, Method 204.1

| - "Analytical Methods for Atomic Absorption Spectrophotometry”,
‘ 1982, Perkin-Elmer Corporation

] Detection Limit: 0.50 mg/L

Optimum Concentration Range: 0.50 - 20.0 mg/L

|  Sample Handling: Acidify with nitric acid to pH < 2, Drinking waters and
’ filtered groundwater free of particulate matter and
. organics may be analyzed directly, while wastewaters,
?{ZQ{ leachates, solids, etc. must be digested prior to analysis
hd (refer to appropriate digestion procedures). Analvze
within 6 months,

; Instrument Conditions:

. 1, Antimony electrodeless discharge lamp with lamp energy set at 7.
. HWavelength: 217.6 nm

. Slit Width: 0.2 Normal

. Oxidart: Air

. Type of flame: Oxidizing, lean, blue

] -~
y oL \

R,

2

3

4, Fuel: Acetylene
. _

6

7

. Standards to use for curve set-up: 2.00, 5.00, 10.0, 20.0 mg/L.

'\“’Reggent Preparation: (Pr_-are fresh every 6 months unless otherwise noted.)

i .

1. Standard Antimony Solution (100 ma/L Antimonv): Pipet 10 ml ~f the
1000 ppm stock antimony solution into a 100 mL volumetric flask,
add 1/2 nL HNO3, and dilute to the mark with Milli-Q water,

2. Standards (Prepare fresh every month.):

Concentration Volume of , Dilute
of Standard Antimony Standard to

‘ 2.00 mg/L 2 m of 100 mg/L Sb 100 mL
5.00 mg/L 5 mbL of 100 mg/L Sb 100 mL
10.0 mg/L 10 mL of 100 mg/L Sb 100 mL
20.0 mg/L 20 mL of 100 mg/L Sb 100 mL

SbFIC-1
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5.

Samples must be diluted to obtain concentrations within the optimum
concentration range,

Standards are to be prepared in the same acid concentrations as the
samples being analyzead. :

The use of background correction is required,

This flame procedure can be used for digested samples, EP Toxicity
samples or any other samples where high concentrations of antimony
are expected and low detection limits are not required.

Lead, in concentrations of >100 mg/L, may interfere. Use an
alternate wavelength of 231.1 nm in this situatfon.

s Procedure: Fof the analysis procedure, refer to the Atomic Absorption

Spectrometry, Flame - Direct Aspiration section of this manual.

If antimony is to be analyzed in concentration mode, use the
10.0 and 20,0 standards for standardization and follow the
procedure for analyzing in the concentration mode,

Quality Control:

1.

Establish a standard curve with the standards listed above plus
a blank. Record the absorbance check standard in the absorbance
check book. The absorbances should remajn consistent from run
to run. If not, necessary troubleshooting must be performed
before continuing (check wavelength, flame head alignment, lamp
alignment, etc.).

A quality control calibration standard of 5.00 mg/L s to be

analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard is still required.

The last sample analyzed in the run is to be the calibration standard.
These standards must be within acceptable ranges or the samples run
after the last acceptahble check standard are to be reanalyzed.

Record the calibration standards in the quality control book. The
confidence limits are noted in the quality control book.

Duplicate and spike a minimum of 1 out of 10 samples. If less than

10 samples are analyzed, 2 duplicate and spike are still required.
Duplicates are to be averaged. Spike samples with a standard of

twice the concentration of the sample in a 1:1 ratio of sample to
standard. Spike recoveries and duplicates are to be within acceptable
ranges or the use of dilution or method of standard additions is

to be applied to reduce the interferences.

SbF1C-2



Calculations:

1. Plot concentration vs absorbance on graph,

graph, or

2. Calculate using linear regression, or

3. Calculate using concentration mode.

P

[ALM-8-8]
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RS - VAR

Method: AA - Furnace; Direct Injection
Reference: EPA 1984, Method 206.2

'Analytical Methods for Zeeman Gfaphite Tube Atomizers"-Varian, 1986
Contract Laboratory Program "Statement of Work”

Detection Limit: 0.002 mg/L

Optimum Concentration Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify with nitric acid to pH <2. Analyzed within 6
months. A1l samples must be digested prior to analysis.

Instrument Conditions:
1. Arsenic hollow cathode lamp set at 10 mA.

2. Wavelength: 193.7 nm
3. Slit Width: 0.2 .
4

Mode: Peak area

5. HGA Furnace Programming:

STEP NO. TEMPERATURE (C) TIME (SEC GAS FLOW (L/MIN)

1 75 5.0 ON
2 95 50.0 ON
3 120 10.0 ON
4 800 10.0 ON
5 800 10.0 ON
6 800 2.0 OFF
7 2400 0.8 OFF
8 2400 2.0 OFF
9 2400 2.0 ON

6. Sample Volume : 20 ulL

7. Matrix modifier volume: § uL (0.05% nickel nitrate).

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L.

Reagent Preparation:

1. Standard Arsenic Solution (1000 ug/L Arseni Pipet 1.00 mL of the
1000 ppm stock arsenic solution into a 1000 mL volumetric flask, add
1/2 mL HNO3 and dilute to the mark with deionized water. Prepare fresh
every montg.

[ INORGSOP]
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3.

Standards (Prepare fresh every week.):

Concentration Volume of Dilute
of Standard Arsenic Standard to
0 ug/L 0 mL of 1000 ug/L As 100 mL
10 ug/L 1 mL of 1000 ug/L As 100 mbL
20 ug/L 2 mL of 1000 ug/L As 100 mL
50 ug/L 5 mL of 1000 ug/L As 100 mL

Nickel gitrate (0.05%): In a 100 mL volumetric flask dissolve 0.25 g
of Ni(NO3)2 - 6H20 in D.I. water and dilute to 100 mL.

Samples must be diluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

Nickel nitrate is added as a matrix modifier to minimize volatilization
losses during the drying and charring steps.

The use of background correction is required.

High concentrations of phosphorus interfere with this ﬁrocedure. The
gaseous hydride method for arsenic should be used in these cases.

Procedure: For the analysis procedure, refer to the Atomic Absorption

Spectrometry, Furnace - Direct Injection section of this manual.

If Arsenic is to be analyzed in concentration mode, use the 20 and
50 ug/L arsenic standards and the procedures for analyzing in the
concentration mode.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuing
(:hegk wavelength, furnace alignment, lamp alignment, graphite tube,
etc.).

[ INORGSOP]
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: 2. A quality control calibration standard of 20 ug/L is to be analyzed, at

] a minimum, after every 10 samples. If less than 10 samples are

i analyzed, a calibration standard is still required. The last sample
analyzed in the run is to be the calibration standard. These standards

\ must be within acceptable ranges or the samples run after the last
acceptable calibration standard are to be reanalyzed. Record the

| caligration standard in the quality control book. The confidence
limits are noted in the quality control book.

l 3. A digested duplicate and spike a minimum of 1 out of 10 samples. If
less than 10 samples are ana]ized, a duplicate and spike are still
required. Duplicates are to be averaged. Spike samples with standard

l . of twice the concentration of the sample in a 1:1 ratio of sample to
standards. Spike recoveries and duplicates are to be within acceptable
ranges or the use of dilution, or method of standard additions is to be
applied to reduce the interferences. ‘

! 4. An EPA reference sample will be analyzed with each analysis.
o Ca]cu]atioﬁ;:
- 1. Plot concentrations vs. absorbance on graph. Determine unknowns using
graph, or
X 2. Calculate using linear regression,'br
3. Calculate using the concentration mode.
'
i
.ii;

[ INORGSOP]
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BARIUM - VARIAN 400

Method: AA - Furnace; Direct Injection
Reference: EPA 1984, Method 208.2

"Analytical Methods for Zeeman Graphite Tube Atomizers",
Varian, 1986

Contact Laboratory Program, "Statements of Work"

Detection Limit: 0.005 mg/L

Optimum Concentration Range: 0.005 - 0.050 mg/L

Sample Handling: Acidify with nitric acid to pH <2. A}l samples must be
a digested prior to analysis (refer to appropriate digestion
;e procedures). Analyze within 6 months.

~~— Instrument Conditions:
1. Barium hollow cathode 1amp set at 20 mA.

2. Wavelength: 553.6 nm
3. Slit Width: 0.5
4. Mode: Peak Area
5. HGA Furnace Programming:
Step Temp (*C) Time Gas Flow
1 | 85 5 ON
S 2 95 40 ON
— 3 120 10 ON
4 1000 5 ON
—_ 5 1000 1 ON
6 1000 2 OFF
7 2600 2.3 OFF
8 2600 2 OFF
9 2600 2 ON

6. Sample Volume: 20 ulL
7. Standards to use for curve set-up: 10.0; 20.0; 50.0 ug/L.
8. Pyrolytic tubes must be used.

[ INORGSOP]
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agent Prepa
1. andard Barijum Solution (]000 u riym): Pipet 1.00 mL of the 1000
ﬂﬁm stock barium solution into a 1000 mL volumetric flask, add 1/2 mL
0%’ and dilute to the mark with D.I. water. Prepare fresh every
month.
2. Standards (Prepare fresh every week.):
Concentration Volume of Dilute
of Standard Barium Standard to
0 ug/L 0 mL of 1000 ug/L Ba 100 mL
10.0 ug/L 1 mL of 1000 ug/L Ba 100 mL
20.0 ug/L 2 mL of 1000 ug/L Ba 100 mL
50.0 ug/L 5 mL of 1000 ug/L Ba 100 mL
‘ @ Notes: ‘
‘ 1. Samples must be diluted to obtain concentrations within the optimum
concentration range.

2. Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

3. The use of halide acids should be avoided.

4. The alignment of the furnace is very critical, stray light can be a
major interference. g

5. The barium flame procedure is recommended where concentrations of
greater than 1.0 mg/L are expected.

rocedure: For the analysis procedure, refer to the Atomic Absorption
Spectrometry, Furnace - Direct Injection section of this manual.
| ié} If barjum is to be run_in concentration mode, use the 20.0 and
50.0 standards and follow the procedures for analyzing in the
concentration mode.
ualij ontrol:

1. Establish a standard curve with the standards 1isted above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuin

.(che;k wavelength, furnace alignment, lamp alignment, graphite tube,
etc.).
[ INORGSOP]
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2. A quality control calibration standard of 20.0 ug/L is to be analyzed,
at a minimum, after every 10 samples. If less than 10 samples are
analyzed, a calibration standard is still required. The last sample
analyzed in the run is to be the calibration standard. These
standards must be within the acceptable ranges or the samples run
after the last acceptable calibration standard are to be reanalﬁzed.
Record the calibration standard in the quality control book. The
confidence limits are noted in the quality control book.

3. A digested duplicate and spike a minimum of 1 out of 10 samples. If
less than 10 samples are analyzed, a digested duplicate and spike are
still required. Duplicates are to be averaged. Spike samples with a
standard of twice the concentration of the sample in a 1:1 ratio of
sample to standards. Spike recoveries and duplicates are to be within
acceptable ranges or the use of dilution, or method of standard
additions is to be applied to reduce the interferences.

4. Ffor every sample analyzed, an analytical spike (at the bench) must be
run to verify that standard additions are not required.

5. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Plot concentrations vs. absorbance on graph. Determine unknowns using
graph, or

2. Calculate using linear regression.

3. Calculate using the concentration mode.

[ INORGSOP]
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BARIUM - VARIAN 20

Method: AA - Flame; Direct Aspiration

Reference: EPA 1984, Method 208.1
"Analytical Methods for Flame Spectrophotometry”, Varian, 1979.
Contract Laboratory Program, "Statement of Work".

Detection Limit: 0.20 mg/L

Optimum Concentration Range: 0.20 - 10.0 mg/L

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and
filtered groundwater free of ?articu]ate matter and organics

o may be analyzed directly, while wastewaters, leachates,
;gﬁ solids, etc. must be digested prior to analysis (refer to

appropriate digestion procedures). Analyze within 6 months.

Instrument Conditions:
1. Barium hollow cathode lamp with limp energy set at 25.
Wavelength 553.6 nm
S1it width: 0.5

2
3
4. Fuel: Acetylene
5. Oxidant: Nitrous oxide
6

Type of flame: Red
7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/L.

e~

N Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard barijum solution (100 mg/L Barium): Pipet 10 mL of the 1000

ﬂ m stock barium solution into a 100 mL volumetric flask, add § mL
03, and dilute to the mark with Mil1i-Q water.

2. Standards (Prepare fresh every 2 months.):

Concentration Volume of Dilute
_of Standard arium Standard _to
1.00 mg/L 1 mL of 100 mg/L Ba 100 mL
2.00 mg/L 2 mL of 100 mg/L Ba 100 mL
5.00 mg/L 5 mL of 100 mg/L Ba 100 mL
10.0 mg/L 10 mL of 100 mg/L Ba 100 mL

[ INORGSOP]
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3.

[
.

Potassium chloride solution: In a 1 liter volumetric flask, dissolve

95g KC1 in Mi11i-Q water and dilute to the mark.

Samples must be diluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

Barium is easily ionized in the nitrous oxide-acéty]ene flame. This
can be controlled by the addition of potassium. Add 2 mL of 1000 ppm
potassium to 100 mL sample and standards.

High calcium can cause an extremely noisy signal and high false
positive values.

This flame procedure can be used for digested samg]es, EP Toxicity
samples or any other samples where low detection limits are not
required. EP Toxicity samples must be spiked to verify that standard
additions are not required.

Procedure: For the analysis procedure, refer to the Atomic Absorption

Spectrometry, Flame - Direct Aspiration section of this manual.

Potassium chloride solution is added as a matrix modifier to the
samplesdang standards at a ratio of 0.2 mL KC1 to 10 mL of sample
or standard. :

If barium is to be run in concentration mode, use the 5.00 and
10.0 standards and follow the procedure for analyzing in the
concentration mode. .

Quality Control:

1.

2.

Establish a standard curve with the standards 1isted above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuing
(check wavelength, flame head alignment, lamp alignment, etc.)

A quality control calibration standard of 5.00 mg/L is to be analyzed,
at a minimum, after every 10 samples. If less than 10 samples are
analyzed, a calibration standard is still required. The lasi sample
analyzed in the run is to be the calibration standard. These
standards must be within acceptable ranges or the samples run after
the last acceptable check standard are to be reanalyzed. Record the
calibration standards in the quality control book. The confidence
limits are noted in the quality control book.

[ INORGSOP]
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3.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required.
Duplicates are to be averaged. Spike samples with a standard of twice
the concentration of the sample in a 1:] ratio of sample to standard.
Sﬁike recoveries and duplicates are to be within acceptable ranges or
the use of dilution or method of standard additions is to be applied
to reduce the interferences. _

Calculations:

Plot conhentration vs. absorbance on graph. Determine unknowns using
graph, or

Calculate using linear regression, or

Calculate using concentration mode.

[ INORGSOP]
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Optimum Concentration Range:

BERYLLIUM-VARIAN 400
Method: AA - Furnace; Direct Injection |

Reference: EPA 1984, Method 210.2
"Analytical Methods for Zeeman Graphite Tube Atomizers",

Varian, 1986

Contact Laboratory Program, "Statements of Work"
etection Limit: 0.0002 mg/L

Instrument Conditions:
1. Beryllium hollow cathode lamp set at 5 mA.

on L w ~N
L] . . .

Wavelength: 234.9 nm
S1it Width: 1.0 nm
Mode: Peak area

HGA Furnace Programming:

STEP Mp_(*

85
95
120
1000
1000
1000
2300
2300
12300

WO WN =

6. Sample Volume: 20 ul
7. Standards to use for curve set-up: 0.50, 1.00, 2.00 ug/L.

Sample Handling: Acidify with nit
Reagent Preparation:

1. Standard Beryllium Solgtjg? (1000 %g[L Beryllium): Pipet 1.00 mL
of the 1000 ppm stock beryllium solution into a 1000 m1 volumetric

flask, add 1/2 ml HNO3 and dilute to the mark with D.I. water.

(V-1S0P]

Prepare fresh every month.

0.0002 - 0.0020 mg/L

TIME GAS FLOW
5 ON
40 ON
10 ON
5 ON
10 ON
2 OFF
0.7 OFF
2 OFF
2 ON

ric acid to pH <2. Analyze within 6 months.

Be400C-1
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2. Standards (Prepare fresh every week.):

Concentration Volume of Dilute

of Standard Beryllium Standard to
0.50 ug/L 0.5 mL of 1000 ug/L Be 1000 mL
1.00 wug/L 0.5 mL of 1000 ug/L Be 500 mL
2.00 ug/L 1 mb of 1000 ug/L Be 500 mL

1. Samples must be diluted to obtain concentrations within the optimum
concentration range.

2. Standards are to be prepared in the same acid concentrations as the
samples are being analyzed.

3. The use of background correction is required.

Procedure: For the anaiysis procedure, refer to the Atomic Absor tion
Spectrometry, Furnace - Direct Injection section of this manual.

For using concentration mode, use the 1.00 and 2.00 standard and
follow the procedure for anaiyzing in the concentration mode.

Quality Control:

1. Establish a standard curve with the standards listed above
plus a blank. Record the absorbance check standard in the
absorbance check book. The absorbance: should remain
consistent from run to run. If not, necessary troubleshooting
must be performed before continuing (check wavelength, furnace
alignment, lamp alignment, graphite tube etc.).

2. A quality control calibration standard of 2.00 ug/1 is to be
analyzed, at a minimum, after every 10 samples. If less than
10 samples are analyzed, a calibration standard is still
required. The last sample analyzed in the rum is to be the
calibration standard. These standards must be within
acceptable ranges or the samples run after the last acceptable
calibration standard are to be reanalyzed. Record the
calibration standard in the quality control book. The
confidence limits are noted in the quality control book.

3. Digest a duplicate and sgike; a minimum of 1 out of 10
samples. If less than 10 samples are analyzed, a digested
duplicate and spike are still required. Duplicates are to be
averaged. Spike samples with a standard of twice the

[V-150P]
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4.
must be run to verify that standard additions are not
required. .

5. An EPA reference sample will be analyzed with each analysis.

Calculations: '

1. Plot concentrations vs. absorbance (or peak height) on graph.
Determine unknowns using graph, or

2. Calculate using linear regression, or

3. Calculate using the concentration mode.

[V-1SOP]

concentration of the sample in a 1:1 ratio of sample to
standards. Spike recoveries and duplicate results are to be
within acceptable ranges or the use of dilution, or method of
standard additions is to be applied to reduce the

1nterferenges.
For every sample analyzed, an analytical spike (at the bench)

Be400C-3



i Calculations:

! 1. Plot concentration vs absorbance on graph,
graph, or

2. Calculate using linear regression.

: 3. Calculate using the concentration mode.

[ALM=-10-2]
BeF1C-3
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CADMIUM - VARIAN 400

Method: AA - Furnace; Direct Injection
Reference: EPA 1984, Method 213.2

"Analytical Methods for Zeeman Graphite Tube Atomizers”,
Varian, 1986

Contact Laboratory Program, "Statements of Work"

Detection Limit: 0.0002 mg/L
Optimum_Concentration Range: 0.0002 - 0.0040 mg/L

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and
filtered groundwater free o;.?articulate matter and organics
i

be analyzed directly, w

e wastewaters, leachates,

ma
so{ids, etc. must be digested prior to analysis (refer to
appropriate digestion procedures). Analyze within 6 months.

Instrument Conditions:

1. Cadmium hollow cathode lamp set at 4 mA.

Mode: Peak area

oy w ™~
. . . -

(7]
WO NN E

6. Sample Volume:
7. Matrix Modifier

[ INORGSOP]

Wavelength: 228.8 nm
S1it Width: 0.5

Furnace Operating Conditions:

Temp (*Q) Time Gas Flow

85 5 ON

95 40 ON
120 10 . OM
350 5 ON
350 1 ON
350 2 OFF
1800 0.8 OFF
1800 2 OFF
1800 2 ON

20 ul

Volume: 5 ul (Monobasic ammonium phosphate)

- Cd400C-1
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8. Standards to use for curve set-up: 0.50, 1.00, 2.00 ug/L
9. Pyrolytic tubes must be used.
Reagent Preparation:
1. Standar mium Solution (1000 u iym): Pipet 1.00 mL of the
1000 Epm stock cadmium solution into a 1000 mL volumetric flask, add
1/2 m HNOg, and dilute to the mark with D.I. water. Prepare fresh
every month. _
2. Working Cadmium Solution {100 ug/L Cadmium): Pipet 10 mL of the
1000 ug/L cadmium into a 100 mL volumetric flask and dilute to the mark
with D.I. water. Prepare fresh every month.
3. Standards (Prepare fresh every week.):
Concentration Volume of Dilute
of Standard Cadmium Standar to
0.50 ug/L 0.5 mL of 100 ug/L Cd 100 mL
1.00 ug/L 1 mL of 100 ug/L Cd 100 mL
2.00 ug/L 2 =l of 100 ug/L Cd 100 mL
4. Monobasic Ammonium Phosphate Solution (5000 mg/L): Add 0.5 g of
amonium phosphate (monobasic) to a 100 mL volumetric flask. Dissolve
in D.I. water and dilute to volume.
Notes:
1. Samples must be diluted to obtain concentrations within the optimum
concentration range.
2. Standards are to be prepared in the same acid concentrations as the
samples being analyzed.
3. The use of background correction is required.
4. The cadmium flame procedure is recommended where concentrations of
greater than 0.10 mg/L are expected.
5. Ammonium phosghate is added as a matrix modifer to improve peak shape
and allow higher ashing temperatures.
[ INORGSOP]
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Procedure: For the analysis procedure, refer to the Atomic Absorption

Spectrometry, Furnace - Direct Injection section of this manual.
Use of peak area is required.
If cadmium is to be analyzed in concentration mode, use the 1.00

and 2.00 ug/L cadmium standards and follow the procedures for
analyzing in the concentration mode.

Quality Control:

1.

5.

Establish a standard curve with the standards 1isted above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to vun. If
not, necessary troub]eshootin? must be performed before continuing
(ghegk wavelength, furnace alignment, lamp alignment, graphite tube,
etc.).

A quality control calibration standard of 2.00 ug/L is to be analyzed,
at a minimum, after every 10 samples. If less than 10 samples are
analyzed, a calibration standard is still required. The last sample
analyzed in the run is to be the calibration standard. These
standards must be within the acceptable ranges of the samples run
after the last acceptable calibration standard are to be reanalyzed.
Record the calibration standard in the quality control book. The
confidence 1imits are noted in the quality control book.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10

~samples are analyzed, a duplicate and spike are still required.

Duplicates are to be averaged. Spike samples with a standard of twice
the concentration of the sample in a 1:] ratio of sample to standards.
Sﬁike recoveries and duplicates are to be within acceptable ranges or
the use of matrix modifiers dilution, or method of standard additions
is to be applied to reduce the interferences.

For every sample analyzed, an analytical spike (at the bench) must be
run to verify that standard additions are not required.

An EPA reference sample will be analyzed with each analysis.

Calculations:

1.

Plot concentrations vs. peak area on graph. Determine unknowns using
graph, or

Calculate using linear regression, or

Calculate using concentration mode.

[ INORGSOP]
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E ' CADMIUM
Method: AA - Flame; ODirect Aspiration
i Refgrence: EPA 1983, Method 213.1

! “Analytical Methods for Atomic Absorption Spectrophotometry®,
l 1982, Perkin-Elmer Corporation

{ Detection Limit: 0.01 mg/L
Optimum Concentration Range: 0.01 - 1,00 mg/L

! Sample Handling: Acidify with nitric acid to pH < 2. ODrinking waters and
‘ filtered groundwater free of particulate matter and organics
may be analyzed directly, while wastewaters, leachates,
PG - solids, etc. must be digested prior to analysis (refer to
e appropriate digestion procedures). Analyze within 6 months.

Instrument Conditions:

. Cadmium hollow cathode lamp with lamp energy set at 4,
. Wavelength: .228.8 nm

S1it Width: 0.7 Normal

1

2

3

4. Fuel: Acetylene
5. Oxidant: Air

6

. Type of flame: Oxidizing, lean, blue

-~

. Standards to use for curve set-up: 0.10, 0.20, 0.50, 1.00 mg/L.

T g
'v.}

Reagent Preparatfon: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Cadmium Solution (10.0 mg/L Cadmfum): Pipet 1 mL of the
1000 ppm stock cadmium solution into a 100 mL volumetric flask,
add 1/2 m. HNO3 and dilute to the mark with Mil1i-Q water.

2. Standards (Prepare fresh every month.):

Concentration Yolume of Dilute
of Standard Cadmijum Standard to

0.10 mq/L 1 ml of 10.0 mg/L Cd 100 mL
0.20 mg/L 2 mL of 10.0 mg/L Cd 100 mL
0.50 mg/L 5 m of 10.0 mg/L Cd 100 mL
1.00 mg/L 10 m. of 10.0 mg/L Cd 100 mL

CdFI1C-1 -
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Notes:

lo

Samples must be dfluted to obtain concentrations within the optimum
concentration range.

Standards are to be prepared in the same acid concentrations as the
samples being analyzed.

The use of background correction {is required.

This flame procedure can be used for digested samples, EP Toxicity
samples, or any other samples where low detection 1imits are not
required. EP Toxicity samples must be spiked to verify that standard
adaitions are not required,

—Procedure: For the analysis procedure, refer to the Atomic Absorption

Y
RO

Spectrometry, Flame - Direct Aspiration section of this manual.

If cadmium is to be run in the concentration mode, use the 0.50
and 1,00 standards and follow the procedure for analyzing in
concentration mode,

Quality Control:

1.

Establish a standard curve with the standards 1isted above plus
a blank. Record the absorbance check standard in the absorbance
check book. The absorbances should remain consistent from run
to run., If not, necessary troubleshooting must be performed
before continuing (check wavelength, flame head alignment, lamp
alignment, etc.).

A quality control calibration standa~d of 0.10 mg/L is to be
analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard is still required.

The last sample analyzed in the run is to be the calibration standard.
These standards must be within the acceptable ranges or the samples
run after the last acceptable check standard are to be reanalyzed.
Record the caljbration standards in the quality control book. The
confidence 1imits are noted in the quality control book.

Duplicate and spike a minimum of 1 out of 10 samples. If Jless than
10 samples are analyzed, a duplicate and spike are still required.
Duplicates are to be averaged. Spike samples with a standard of
twice the concentration of the sample in a 1:1 ratio of sample to
standard. Spike recoveries and duplicates are to be within
acceptable ranges or the use of dilution or method of standard

addi tions is to be applied to reduce the interferences.

CdFi1C-2



Calculations:

1. Plot concentration vs absorbance on graph, Determine unknowns using
graph or

2. Calculate using linear regression or

: 3. Calculate using the concentration mode.

{ALM8-10]
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Me thod:

Reference:

CADMIUM

AA - Furnace; Direct Injection

EPA 1983, Method 213.2

“Analytical Methods for Furnace Atomic Absorption Spectrophotometry”,
1982, Perkin-Elmer Corporation

“Techniques fn Graphite Furnace Atomic Absorption Spectrophotometry”,
1985, Perkin-Elmer Corporation

Contract Laboratory Program, “Statement of Work"”, July, 1985

Detection Limit: 0.0002 mg/L

Optimum Concentration Range: 0,0002 - 0.0020 mg/L

Sample Handling: Acidify with nitric acid to pH < 2. A1l samples must be

digested prior to analysis (refer to appropriate digestion
procedures). Analyze within 6 months.

Instrument Conditions:

1.
2-

Cadmium hollow cathode lamp with lamp energy set at 4,

Wavelenqth: 228.8 nm

Slit Width: 0.7 Alternate

Mode: Peak area

HGA Furnace Programming:
Step 1: 120 (dry temp) 10 (ramp time) 20 (hold time)
Step 2: ~ 250 (char temp) ~ 10 (ramp time) _ 20  (hold time)
Step 3: 2100 _ (atom temp) 2 (ramp time) 3 _ (hold time)
* Also press the read, record and stop flow buttons; enteir t = 5 scc
Step 4: 2700 (max temp) 1 (ramp time) 5 (hold time)
Press record button,

Sample Volume: 20'uL

Standards to use for curve set-up: 0,50, 1,00, 2,00, ug/L

Pyrolytic tubes must be used.,

CdfFuC-1
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Reagent Preparation:

1,
2.
3.
b
Notes:
1,
2.
30
R 4,

Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 mL of

the 1000 ppm stock cadmium solution into a 1000 mL volumetric
flask, add 1/2 mL HNO3, and dilute to the mark with Mill{i-Q water,

Prepare fresh every month,

Working Cadmium Solution (100 ug/1 Cadmium): Pipet 10 mL of the

1000 ug/! cadmium into a 100 mL volumetric flask and dilute to
the mark with Mi111-Q water, Prepare fresh every month,

Standards (Prepare fresh every week.):

Concentration Yolume of Dilute
of Standard Cadmium Standard to
0.00 ug/L 0 mL of 100 wug/L Cd 100 mL
0.50 ug/L 0.5 mL of 100 wug/L Cd 100 mb
1.00 ug/L 1 mL of 1